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PREFACE 


T HE following Efl’ay is fo fhort, that 
there is no occafion for a long 
preface to introduce it to the readers 
notice. One of the principal ends of it is 
to do away a general prejudice *in favour 
of fpefiacles, namely, that they a£l as 
prelervers; a prejudice which has cauled 
numbers to ufe glaffes, before they could 
be of any eflential fervice; who thereby 
force their eyes into an unnatural ftate, 
and bring on a very unpleafant habit. To 
remedy this evil, the marks are diftin£lly 
pointed out, which determine when the 
ufe of glall'cs will be ferviceable to the eye. 
By an attention to the rules here laid down, 
they will be taught neither to anticipate 
evil, by a premature ufe of fpe£tacles ; nor, 
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by too long a delay, to flrain and injure 
their fight. 

A fecond end was, to diffufe more 
generally a knowledge of the fubjeft among 
the venders of this article, particularly 
thc^fe who live in the country; and this 
was the more neceffary, as numerous in- 
flances are continually occurring to every 
optician, of thofe whole fight has been 
injured by an improper choice of fpeftacles. 

The nature of the EfTay has given me an 
opportunity of pointing out rules for the 
prefervation of the fight, and avoiding 
what may be hurtful to it. Among the 
latter, the two principal articles are, the 
ufe ofTeading-glaffes, and opake fhades to 
candles ; both of which, I have reafon to 
think, are extremely prejudicial to the 
eyes.' 

As this EfTay may probably fall into the 
hands of thofe who may have no oppor- 
tunity of confult.ing more fcientific works 
I have concluded it with an account of 
fquinting, the proper methods of afeertain- 
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ing the nature of it, and the beft known 
remedies for it. 

I have here to notice an error, into 
which, in common with moft late anato- 
mifts, I have fallen, with refpe6t to the 
ftru6lure of the iris, and the fituation of 
the cryftalline. Mr. O’Hallorah afierts, that 
the iris is not flat, but very convex, and 
that the infide of the iris adheres clofely to' 
the anterior part of the vitreous humour, 
except where it opens for the lodgment of 
the cryftalline, and confequently that there 
is no pofterior chamber for the aqueous 
humour. For a fuller accottnt, I mutt 
refer the reader to the author's paper.* 

I take this opportunity of thanking my 
friends for feveral valuable remarks <fnd 
corre£tions, but particularly W. C. Wells, 
M. D. author of an Eflay on fingle yilion 
with two eyes,” printed for Cadell ; a Trea- 
tife which every one fhould read, who is 
defirous of feeing that difficult fubjeff put 
in a clear light. 

I have 

• Transitions of the Royal Iriih Academy for the 

year 1788. 
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I T is propofed in this efiay to ^inftrudl thole 
whole eyes are beginning to fail, how to 
form a right judgment of the ft ate of their .fight* 
and of the means of preferving it ; how to de- 
termine when the ufe of fpecftacles is necefiary, 
and fo to ufe them, that the fight may neither 
be injured by a premature application of glalles* 
nor ftrained for want of proper afliftaiice. 

But in order to enable the reader to judge for 
himfelf, and know how to chufe his fpecftacles* 
when a choice becomes necefiary, it will be 
proper firft to explain the ftrucfture of the eye* 
and the means £y which vifion is performed : 
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for by underftanding the principles on which the 
operations of this w onderful organ depend, he 
will learn how it may be impaired, and by what 
a (lifted. ^ It is alfo prefumed, that it can be no 
unpleafing fpeculation to obtain an idea of the 
fecretmechanifmby which the eye communicates 
fo many diverlified and animated perceptions to 
the foul, and by which we arc enabled to dif- 
cover, with lo much cafe and rapidity, every 
furrounding objedt. 

In the ftrudture of the eye we find the moft: 
evident manifeftations of exquifitc art and defign, 
every part elegantly framed, nicely adjufted, and 
commodioufly placed, to anfwer in the moft per- 
fect manner every poflible good purpofe, and 
thus evince that it is ,fhe work of unerring wif- 
dom, prompted to adiion by infinite love. 

manifold are the bleftings we derive from 
this organ, that the mind of man feems almofl 
inadequate to the conception, and his pen to the 
defeription of them. While it forms our ideas 
of magnitude and diftance, it annihilates fpace, 
by placing the nearefi. and moft: diftant objects 
clofe together. To it wc are indebted for the 
delightful fenfations that arife from the propor- 
tion and variety of forms, the harmonious mix- 
ture 
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lure of colours, and the graces of beauty. Ic 
enables us to feek, to fee, and to chufe our food j 
to go here and there, as the calls of friendfhip, or 
the occafions of bufinefs, require; to traverfe 
the ocean, ranfack the bowels of the earth, vilit 
diftant regions, accumulate wealth, and multiply 
knowledge. Affifted by it, we become ac- 
quainted with the works of the Creator, and can 
trace his w ifdom, his power, and his goodnefs, 
in the texture of plants, the mechanifm of ani- 
mals, and the glories of the heavens. 

The value of this fenfe is heightenccl, when 
we coniider the miferies attendant on the want 
of it; for among the numerous evils that affli<5t 
the human race, there is none morejuflly dreaded, 
nor more deeply deplored, than a deprivation of 
light. It is to have one of the chief inlets of hap- 
pinefs cut off, to be lhut up in perpetual da**k- 
nefs, to labour under ten thoufand inconve- 
niences, and to be expofed to continual dangers. 
How poignantly this lofs was felt by our great 
poet, is painfully evident from his own words: 

c ‘ With the year 

Scafons return ; but not to me returns 
Hay, or the fweet ’approach of ev’n or mom, 

Or light of vernal bloom, or fummer's rofe, 
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Or flocks, or herds* or human face divine ; 

But cloud inftead, and ever-during dark 
Surrounds me, from the chearful rays of men 
Cut off, and for the book of knowledge fair, 
Prefented with an univerfal blank 
Of nature's works, to me expung’d and raz’d. 
And wifdom at one entrance quite fliut out." 

A JLort Dtfcription of the Eye. 

In deferibing the eye, it is natural to confider, 
firft, the external parts, then the internal, or 
thofe which are more immediately fubfervient to 
the purpofes of vilion. 

The eye, as is well known, is fituated below 
the forehead ; it is placed in a bony cavity, 
called the orbit : the form is globular, it is com- 
posed of feveral coats ant! humours, and furniflicd 
with veffels properly adapted to it’s various 
functions. 

The eye confifts of feveral coats or teguments, 
which form a ball perfectly globular except on 
the fore part, which is a little more protuberant 
than the reft. Within this ball arc included 
three different liquids or trarifparent fubftances, 
called humours. 


The 
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The orbit of the eye is of a conical fhape, 
but rather irregular in it’s dimenfions ; it is com- 
pofed of feven bones, and lined with fat, which 
forms a foft bed for the eye to reft on, and faci- 
litates it’s various motions. A confidera&le part 
of the bottom of the orbit is open for the ad- 
mifiion and tranfmifllon of the nerves, veins, 
and arteries. 

Thofc prominent arches of hair, which we 
term the eyebrows, defend the eyes from the 
light when it is too ftrpng, and prevent their 
being incommoded by any lubftances that might 
Aide down the forehead, and thence fall into the* 
eyes. That the eyebrows may be more effec- 
tually ufeful, and form a more perfect fereen, they 
arc furnifhed with mufcles to draw them down, 
and corrugate them ; and when we are walking 
in a dufty road, or when we are expofed to a daz- 
zling light, we pull down the eyebrows,. and 
thereby (hade the eye from the glare, and proteft 
it from the dull. We may gather from hence, 
that thofe ihadcs w hich cncompafs the forehead, 
and that project about three inches from it, arc 
properly adapted to guard weak eyes from every 
offenfive glare of light. 


The promineVicy of the eyebrows gives a cha- 

B 3 rafter 
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fra&er to the face ; and hence Le Brun, in his 
directions to a painter, with regard to the paflions, 
places in them the principal force of expreflion. 
The eyebrows form a deep ihadc on the canvas, 
which relieves the other colours and features. A 
depreflion of the eyebrow is an indication of con- 
cern and grief ; whiift an elevation thereof fhews 
that the mind is either affected w ith joy, or en- 
joying the fcrcnc delights of tranquillity. 

The eyelids , like two fubflantial curtains, 
protectand cover the eyes while wefleep; when 
we are awake, they diffufe, by their motion, a 
fluid over the eye, which cleans and polifhes it, 
and thus renders it fitter for tranfinitting the rays 
of light. 

Each eye is furnifhed with tw'o lids, the one 
fuperior, the other inferior, joining at the two 
extremities, which are called canthi> or angles. 
Both eyelids are lined with a membrane, which 
alfo infolds as much of the globe of the eye as is 
called the white, and it prevents any duff, or 
other extraneous particles, from getting behind 
the eye into the orbit. 

That the eyelids may fhut with greater exadl- 
jiefs, arid not fall into wrinkles when they are 

elevated 
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elevated or deprefled, each edge is ltiffened by a 
cartilaginous arch. The eyciafties, like two 
palilades of Uiort hair, proceed from thele carti- 
laginous edges, warning tile eye of danger, pro- 
tecting it horn ftraggl.ng motes, and warding off 
the wandering fly. They alio intercept many 
rays proceeding from objects that are above jhe 
axis of viiion, and thereby render the images of 
other objects more uilli nCf and lively : tor, as in 
the cameia ookura, the image is always brighteft 
when no ru*s are allowed to enter, but thole 
which form the picture. • The eyelallies contri- 
bute their ihare in giving beautv to the face, to 
fofteii the outlines of the eyelids, add throw a 
mildnefs on the features. 

Both the eyelids are moveable ; but the upper 
one moftly fo, the lower one moving but little, 
being rather obfequious to the motions of the 
adjacent parts, than moved by any particular 
forces of it’s own. The hairs of the eyelaihes 
grow only to a certain length, and neve* need 
cutting : the points of the fuperior one are bent 
upwards, thole of the lower cyelalh downwards. 
Thus whenever w e can trace things to their linal 
caufe, we find them always marked with delign, 
and can find no circumftance fo minute, as to 
efcape the attention of the Supreme Being. 

B 4 From 
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From what has been laid, we may perceive 
why the fight of thofe, whole eyelafhes are blacky 
is, in general, much fironger than thofe who 
have them fair or white; the black eyelafhes are 
a better fiiade for the eye, and refled: no light 
from their inner fide, to weaken and efface the 
picture on the retina. Nlontaltus gives an account 
of a young man, whofe eyelafhes and eyebrows 
were of an intenfe white, and his fight obfeure 
.during the day, but clear at night. This perfon 
was taken prifoner by the Moors, who dyed his 
eyelafhes black, by which his fight' was much 
firengthened ; in courfe of time the dye was 
wafhed off, and the fight became W'eak again. 
Dr. Ruffell, in his natural hiftory of Aleppo, 
fays, that it is the cuftom among the Turkifh 
women to black the infide of their eyelids, not 
only as an ornament, but as a means of ftrength- 
ening the fight. When the eyelafhes are loft, a 
fymplom which frequently follows a malignant 
fmall-pox, the fight is always confiderably im- 
paired.’ 

By fhutting the eyelids partially, we can ex- 
clude as much light as we pleafe, and thus further' 
defend the eyes from too ftrong a light, which 
every one’s experience proves to be as injurious 
to theory as more grofs matter. Numerous are 

the 
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the melancholy indances on record, which con- 
firm this truth : Xenophon relates, that many of 
his troops were blinded by the ftrong reflection 
of lighL from the fnow over which tjiey were 
obliged to march. Dionylius, the tyrant of Si- 
cily, among other means which he ufed to gra- 
tify his revenge, and fatiate the cruelty of his 
temper, was accuflomed to bring forth his mi- 
ferable captives from the deep recedes of the 
darkeft dungeons, into white and well-lighted 
rooms, that he might blind them by the fudden 
tranfition from one extreme to the other. Ac- 
tuated by principles equally cruel, # the Cartha- 
ginians cut olf the eyelids of Regulus, and then 
expofed him to the bright rays of the fun, by 
which he was very foon blinded. 

. Thefe fa<5ts make it clear that a protuberant 
eye is not fo well conftituted for vifion, as one 
that is deep funk in the head : neither extreme is 
indeed defirable, yet undoubtedly, of the two, 
that which is deep fet is preferable, as affording 
the cleared; fight, and being lead liable to in- 
juries from external accidents. 

Thofe animals which hav£. hard cruftaceous 
eyes, as the lobder, crab, &c. have no eyelids; 
Whereas mod; brute anmals have an additional 
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one, called the militating membrane , which 
they draw over their eyes like a curtain, to wipe 
off whatever incommodes them. 

The velocity with which the eyelids move to 
and fro is fo great, that it does not in the lead 
impede the fight. This curious circumftance 
may be illuftrated by the well-known pheno- 
menon of a burning coal appearing like a ring 
of fire, when whirled round about with rapidity, 
in the circumference of a circle. Now it is highly 
probable, that the fenfation of the coal, in the 
Iqveral places of the circle, remains on the mind 
until it returns again to the fame place. Ifi 
therefore, our eyelids take no longer time to pafs 
and repafs upon our eyes, than what the coal of 
fire takes to go round, the imprelTion made by 
any object on the t ye will fuffer no fenfible inter- 
ruption from this motion* 

To prevent the eyelids adhering together, they 
are fupplied with a row of febaceous glandules, 
which difeharge a foft liniment, that mixes with, 
and is wafhed of!' with the tears. 

The lachrymal gland is placed in the upper 
and outer part of the orbit. It is defigned 
to furnifh at all times water enough to keep the 

outer 
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outer furface of the eye moift, and thus give the 
cornea a greater degree of pellucidity. In order 
that this liquor may be rightly difpofed of, we 
frequently clofe the eyelids without toeing con- 
feious of it. 

At the inner corner of the eye, between the 
eyelids, ftands a caruncle, whofe office feems to 
be to keep that corner of the eye from being 
totally elofed ; fo that any tears, &c. may flow 
from under the eyelids when we deep, into the 
p unci a laebrymaiia , which are little holes, one 
in each eyelid, near the corner, for carrying 
into the nofe any fuperfluous tears. 

The eye is furni filed with fix mufcles, which 
fpread their tendons far over the eye; by thefe it 
can be moved upwards and downwards to either 
fide, and in every intermediate direction, and 
thus view furrounding objeflts without Aoving 
the head. To facilitate thefe motions, a great 
quantity of loofe fat is placed all round the globe 
of the eye, between it and the orbit. Four of 
the mufcles arc ftrait, and two oblique; of the 
flrait mufcles, two are fituated vertically oppofite 
one another, and the other two horizontally. 
Each of the fix has a proper name, according to 
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it’s fituation and office. I cannot pafs over the 
mufcles, without taking notice of a ftriking in- 
ftance of delign in the wife difpofition of the 
parts. It is fometimcs neceftary to have an ob- 
lique motion of the eye, towards the nofe, and 
there being no room on that fide for mufcles, a 
fmalWbone is placed on the fide of the nofe, with 
a hole in it, to ferve as a pulley, through which 
the tendon of a mufcle paffes to a convenient in- 
fertion, and thereby fuch an oblique motion is 
given to the eye, as would otherwife have been 
impoffible. 

9 

The eyes are placed in the moft eminent part 
of the body, near the brain, the feat of fenfation. 
From their elevated fituation, our profpedt is en- 
larged, and the number of objects, taken in at 
one view, increafed ; we command an ample 
horizon on earth, and a glorious hemifphere of 
the heavens. 

Every’’ part of the human frame affords indif- 
putable proofs of the wifdom and beneficence of 
it’s Creator, becaufe all are adapted to anfwer in 
the beft manner the end for w hich they were 
formed. Thus the globular figure of the eye is 
the moft commodious that we can form any idea 
of, the beft adapted for facilitating the various 

motions 
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motions of the eye, for containing the humours 
within, and receiving the images from without. 

Many are the advantages that are deprived from 
our having two eyes, fome that are known, others 
that are unknown : for the correfpondence of the 
double parts in the human frame, and thei* rela- 
tion to the nvo great faculties of the human 
mind, has not been fufficiently attended to by 
anatomifls. By having two eyes, the fight is 
rendered ftrongcr, and the vifion more perfect ; 
for as each eye lookS upon the fame objedt, a» 
more forcible impreflion is made, # and a livelier 
conception formed by the mind. 

The eyes together view an objedlin a different 
fituation from what either of them apart would 
do, and enable us to perceive fmall diftances 
accurately. Hence we find, that thofe who have 
loft the fight of ore eye, arc apt to make miftakes 
in the diftances of objedts, even w ithin arm's 
length, that are c.-fily avoided by thofe w'ho fee 
with both eyes. Such miftakes are principally 
feen in fnuffing a candle, threading a needle, or 
in filling a tca-cup. This aptnefs’to misjudge 
diftances and fituadons is, however, gradually 
diminifhed by time and pradlice. 


When 



Essay on Vision. 


*4 

When an objed is placed at a moderate 
di fiance, we fee more of it by means of the two 
eyes, than we pollibly could with one; the right 
eye feeing more of the right fide, and the left eye 
more of it’s rorrefponding fide. Thus by both 
eyes we fee in fome meafu re round an objed: 
and -it is this which atfifts in giving that bold 
relievo, which we fee in nature, and which no 
painting, how exquifite foever, can attain to. 
The painter muft be contented with fhading on a 
flat furface ; but the eyes, in obferving natural 
objeds, perceive not only the fhading, but a 
part of the figure that lies behind thofe very 
lhadings. The perception we have of diflance 
with one eye, as was juft now obferved, is more 
uncertain, and more liable to deception than 
that which we have by both ; therefore, if the 
fhading and relief be executed in the befl manner, 
the pidure may have almofl the fame appearance 
to one bye as the objeds themfclves would have, 
but it cannot have the fame appearance to both. 
This is not the fault of the artift, but an imper- 
fedion in the art. To remove thefe defe&s, the 
connoifleurs in painting look at a pidure with 
one eye through a tube, which excludes the view 
of all other objeds. If the aperture in the tube 
next the eve be fmall, we have no means left to 

judge 
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judge of the diftacce but the light and colour, 
which are in the painter’s power.* 

An objcift feen with both eyes, appears a little 
brighter, or more luminous, than it does when 
feen with one alone, as will be evident by look- 
ing alternately with both eyes and with oneojtfy: 
and the difference of brightnefs will be (till more 
manifeft, if at the fame time that a part of a flat 
objedt, of an uniform colour, is feen with both 
eyes, the light from the adjacent part is excluded 
from one of them ; which may be done, by ap- 
plying a book to one fide of the head, fo that \t 
may reach a little forwarder than the face. But 
although the difference of brightnefs, in the two 
cafes, is very perceptible, yet it is not very con- 
fiderable, nor is it eafy to determine it accurately. 
Dr. Jurin, by a variety of experiments, con- 
cluded, that an objedt feen with both his eyes, 
appeared only one thirteenth part brighter, than 
when feen with one alone. 

Our eyes have an uniform or parallel motion, 
by which, when one is turned to the right or 
left, upwards or dow'nwards, or ftrait forwards, 
the other always goes along with it in the fame 
direction. When both eyes are open, we find 

them 

* Reid's Inquiry into the Human Mind. 
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them always turned the fame way, as if both 

were a died upon by the fame motive force. This 
phenomenon is the more lingular, as the muf- 
cles which move the two eyes, and the nerves 
which ferve thefe mufcles, are entirely diftindl 
and unconnected. 

To account for and explain the caufe of this 
motion, has puzzled the philofopher, and em- 
barraffed the anatomift : that it orginates from 
the grand moving principle, or generating caule 
within us, the mind, there can be little doubt ; 
hut how the mind operates, to produce this effect, 
we are altogether ignorant. Some effectual pur- 
pofes are no doubt anfwered by this motion, for 
nothing is created in vain. One is fuppofed to 
be that of feeing objedts fingle that are viewed 
•with both eyes ; for there are two pictures formed 
of every objedt* one in each eye. Hence, if 
any of the mufcles of one eye, either from fpafm, 
paralyfis, or any other caufc, is reflrained from 
fbllowihg the motion of the other, every object: 
will be feen double. The fame effedt is produced, 
if while we are looking at any objedt, we alter the 
direction of one of our eyes, by prefling it afide 
with the finger; an experiment frequently made 
by children, who are generally delighted with 
any uncommon appearance. 


Whatever 
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Whatever may be the caufe, the fa<ft is certain, 
that the object is not multiplied as well as the 
organ, and appears but one, though feen with 
two eyes : another indance of the (kill of the 
contriver of this noble organ, and the exquifite 
art he employed in the formation of it. 

Having confidered the principal external parts 
of the eye, and fhewn that they are framed to 
protedl this delicate organ, with a care ftridlly 
proportioned to it’s curious texture and extenfive 
ufefulncfs, that it is fortified with ftrong bones, 
lodged in a deep receptacle, and guarded with a . 
moveable cover ; we now proceed to treat of the 
internal parts, or thofe which conflitute the globe 
of the eye. 


Of the Globe of the Eye . 

<c If the eonftrudtion of the univerfe were not 
fo evident a proof of the exiftence of a fupremely. 
wife and benevolent Creator, as to render 'par- 
ticular arguments unneceflary, the ftrudhire of 
the eye might be offered as one, by no means 
the lead; this inftancc, among numberlefs others, 
demonftrating that the beft performances of art 
are infinitely fhort of thofe which are continually 
produced by the Divine Mechanic. 

C 


The 
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The globe of the eye, or the organ of fight, 
may be defined in general as a kind of cafe, con- 
fining of feveral coats, containing three pellucid 
humours, which are fo adjufted, that the rays 
proceeding from luminous objeefts, and admitted 
at a hole in the fore part of the eye, are brought 
tQ,a focus upon the back part of it, where they 
fall upon a foft pulpy fubftance, from whence 
the mind receives it’s intelligence of vifible ob- 
jects. 

It is not to be expe<£led, that any account 
given of the eye can be altogether accurate; for 
as it is impoflible to examine all the parts of the 
eye whilft in a natural and living (late, fo it is 
alio nearly impoflible, when it is taken out of it’s 
focket, to preferve the figure of the parts entire; 
a circumftance which accounts for the difagree- 
ment we find among anatoniifts. 

Of the Coats of the Eye . 

The eye is compofed externally of three coats 
or teguments, one covering the other, and form- 
ing a ball perfectly globular, except at the fore 
part, which is a little more protuberant than the 
reft; within this ball are three different fub- 
fiances, called humours. 


The 
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The firft, or outer coat, is called the fcleroticas 
the fecond, or middle one, is called the cboroides : 
the interior one is named the retina . 

Sclerotica. Cornea. 

The exterior membrane, which inclofes and 
covers the whole eye, is called the fclerotica 
and cornea : it is, however, ftridtly fpeaking, 
but one and the fame membrane, with different 
names appropriated to different parts : the hinder 
and opake part being more generally denominated 
the fclerotica, the fore and tranfparent part the 
cornea. 

The fclerotica is hard, elaftic, of a white 
colour, refembling a kind of parchment; the 
hinder part is very thick and opake, but it grows 
gradually thinner as it advances towards th(? 
part where the white of the eye terminates. The 
forepart is thinner, and tranfparent; it is alfo 
more protuberant and convex than the reft of 
the eye, appearing like a fegment of a fmall 
fphere applied to a larger, and is called cornea 
from it’s tranfparency. The cornea is thick, 
ftrong, and infenfiblc ; it’s tranfparency is ne- 
ceflary for the free admiftion of the light. This 
membrane is compofed of feveral plates, laid 

C 2 one 
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one over the other, replenilhed with a clear 
water, and pellucid vcfiels ; thefe plates are more 
evidently diftin<5l in the fore than the hinder 
part.' The fclerotica is embraced on it’s outfidc 
by fix mufcles, by which the eye may be moved 
in any direction. 

Ch oroides. Uvea . Iris. 

Under the fclerotica is a membrane, known 
by the name of the choroides ,• it is a loft and ten- 
der coat compofed ©f innumerable vefiels ; it is 
concentric to the fclerotica, and adheres elofely 
to it by a cellular fubftance, and many vcfiels. 
This membrane is outwardly of a brown colour, 
but inwardly of a more ruflet brown* almoft 
black. Like the fclerotica, it is diftinguifhed 
by two different names, the fore part being 
called the uvea y while the hinder part retains 
the name of the choroides . 

The fore part commences at the place where 
the cornea begins ; it here attaches itfelf more 
ftrongly to the fclerotica by a cellular fubftance, 
forming a kind of white narrow circular rim : 
the choroides leparates at this place from the 
fclerotica, changes it’s direction, turning, or ra- 
ther folding, dire&ly inwards, towards the axis 
•f the eye, cutting the eye as it were tranfi. 

verfely : 
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vcrfcly : in the middle of this part is a round 
hole, called the pupil, or fight of the eye : the 
pupil is not exa<5tly in the middle of the iris, that 
is to fay, the centers of the pupil and iris do 
not coincide, the former being a little nearer the 
nofe than the latter. 

This part, when it has changed it's dire&ion* 
is no longer called the choroides ; but the ante- 
rior furface, which is of different colours, in 
different fubjeeffs, is called the iris • the pofterior 
furface is called the uvea t from the black colour 
with which it is painted. ‘The iris has a fmooth 
velvet-like appearance, and feems to £ on lift of 
fmall filaments regularly difpofed, and dire&ed 
towards the center of the pupil. 

The eye is denominated blue, black, &c. ac- 
cording to the colour of the iris. The more 
general colours are the hazel and the blue, and 
very often both thefe colours are found inlihe 
fame eye. It has been obferved, that in general 
thofe, whofe hair and complexion are light- 
coloured, have the iris blue or grey ; and on the 
contrary, thofe whofe hair and complexion are 
dark, have the iris of a deep brow n : w hether 
this occafions any difference in the fenfeof vifion, 
is not difcoverable. Thofe eyes which are called 

C 3 black. 
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black, when narrowly infpe«£ted, are only of a 
dark hazel colour, appearing black, becaufe they 
are contraded with the white of the eye. “ The 
black and the blue are the mod beautiful colours, 
and give mod fire and vivacity of exprefiion to 
the eye. In black eyes there is more force and 
impetuofity ; but the blue excel in fwcccnefs and 
delicacy.* * 

The pupil of the eye has no determinate lize, 
being greater or fmaller, according to the quan- 
tity of light that falls upon the eye. When the 
light is drong, or the Vi fual obje<5l too luminous, 
we contract the pupil, in order to intercept a part 
of the light, which w'ould otherwife hurt or 
dazzle our eyes; but when the light is weak, we 
enlarge the pupil, that a greater quantity may 
enter the eye, and thus make a dronger im- 
preflion upon it. This aperture dilates alfo for 
viewing didant obje<ds, and becomes narrower 
for' fuch. as are near. The contratdion of the 
pupil is a date of violence, effected by an exertion 
of the will: the dilatation is aremiflion of power, 
or rather an intermiflion ©f volition.* The la- 
titude 

• AnatomiAs obferve, that in animals of prey, both bea As 
and birds, the pupil is round as in man, which fits them to 
fee every way ; but in large animals which feed on grafs, 

the 
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titude of contraction and dilatation of the pupil 
is very confiderable; and it is very admirable, 
that whilethc pupilchanges it’s magnitudeit pre- 
ferves it’s figure. 

Anatomifts are not agreed, whether the iris be 
compofed of two fets of fibres, the orbicular and 
radial, or of either. Haller fays, he could never 
difeover the orbicular fibres, even with a mi- 
crofcope ; the radial feem vifible to the naked 
eye, and are fufticient to anfwer all the purpofes 
required in the motion # of the iris: when the 
pupil is contracted the radial fibres are (Irait, 
when it is dilated they arc draw n into terpentine 
folds. 

In children this aperture is more dilated than 
in grown perfons. In elderly people it is ftill 
fmallcr than in adults, and has but little motion; 
hence it is, that thofe who begin to want IpeCta- 
cles, are obliged to hold the candle between the 
eye and the paper they read, that the ftrong # light 
of the candle may force their rigid pupils into 
fuch a (late of contraction, as will enable them 

C 4 to 

the pupil is oblong horizontally, for taking in a large circu- 
lar fpace of ground: the pupil in animals of the cat kind, 
which climb trees, and want to look upwards and down- 
wards, is oblong vertically. 
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to fee diftindtly. Thofc who are fhort-fighted, 
have the pupils of their eyes, in general, very 
large; whereas in thofe whofe eyes are perfeft, 
or long-lighted, they are much fmaller. 

r 

The whole of the choroides is opake, by which 
rricans no light is allovved to enter into the eye, 
but what pafles through the pupil. To render 
this opacity more perfedi, and the chamber of 
the eye Hill darker, the poftcrior furface of 
this membrane is covered all over with a black 
mucus, called the pigmentum nigrum. This 
pigment is thinneft upon the concave fide of the 
choroides,' near the retina, and on the fore fide 
of the iris; but is thickeft on the exterior fide 
of the choroides, and the inner fide of the uvea. 

The circular edge of the choroides, at that 
part where it folds inwards to form the uvea, 
feems to be of a different fubftance from the reft 
of the membrane, being much harder, more 
denfe* and of a white colour; it has been called 
by fome writers the ciliary circle, becaufe the 
Jigamentum ciliare (of which we fhall foon 
fjpeak) arifes from it. 


Retina* 
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The third and laft membrane of the eye is 
called the retina, becaufe it is Jpread like a net 
over the bottom of the eye; others derive the 
name from the relemblance of the net which the 
gladiators called retiarii employed to entangle 
their antagonifts. It is the thinneft and leaft 
Iblid of the three coats, a fine expanfion of the 
medullary part of the optic nerve. The convex 
fide of it lines the choroides, the concave fide 
covers the furface of the vitreous humour, ter- 
minating where the choroides folds inwards. 
It is an elfcntial organ of vifion ; on it the images 
of objects are reprefen ted, and their piefture 
formed. This membrane appears to be black 
in infants, not fo black at the age of twenty, of a 
greyifh colour about the thirtieth year, and in 
very old age almoft white. The retina, however, 
is always tranfparent and colourlefs : any* appa- 
rent changes, therefore, of it’s colour muft de- 
pend upon alterations of the pigment um, which is 
fecn through it. 


Optic Nerve . 


Behind all the coats is fituated the optic nerve, 
which pafles out of the fcull, through a fmall 

hole 
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hole in the bottom of the orbit which contains 
the eye. It enters the orbit a little infle&ed, of 
a figure fomewhat round, but comprelled, and 
is inferted into the globe of the eye, not in the 
middle, but a little higher and nearer to the nole ; 
an artery runs through the optic nerve, goes lira it 
through the vitreous humour, and fpreads itfelf 
on the membrane that covers the backfide of the 
cryftallinc. 

Monf. Mariotte has demonftrated, that our 
eyes are infcnfible at the place where the optic 
nerve enters : if, therefore, this nerve had been 
lituated in the axis of the eye itfelf, then the 
middle part of every objeft would have been in- 
vifible, and where all things contribute to make 
us fee beft, we rtiould not have feen at all ; but 
it is wifely placed by the divine artift for this 
and other advantageous purpofes, not in the mid- 
dle, but, as we have already obferved, a little 
higher and nearer to the nofe. 

Of the Humours of the Rye. 

The coats of the eye, which invert and fupport 
each other, after the manner of an onion, or 
other bulbous root, include it’s humours, by 
which name are underftood three fubrtances, the 
one a folid, the fecond a fofc body, and the third 

truly 
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truly a liquor. Thefe fubftances arc of fuch 
forms and tranfparency, as not only to tranfmit 
readily the rays of light, but alfo to give them the 
polkion bed adapted for the purpofes of vifion. 
They are clear like water, and do ndt tinge the 
objetfl with any particular colour. 

Aqueous Humour . 

The mod fluid of the three humours is called the 
aqueous one, filling the great interflice between 
the cornea and the pupil, and alfo the fmall fpace 
extending from the uvea to the cryflalline lens; * 
it is thin and clear like water, though fomewfiap 
more fpirituous and vifcuous ; it’s quantity is fo 
confiderable, that it fwells out the fore part of 
the eye into a protuberance very favourable to 
vifion. The uvea fwims in this fluid. It covers 
the fore part of the cryflalline ; that part of this 
humour w hich lies before the uvea, communi- 
cates with that which is behind, by the hole 
which forms the pupil of the eye. It is included 
in a membrane, fo tender, that it cannot be made 
vifiblc, nor preferved, without the mod con- 
centrated lixivial fluid. 

It has not been clearly afeertained w hence this 
humour is derived ; but it’s fource mud be plen- 
tiful i 
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tiful ; for if the coat containing it be fo wounded 
that all the humour runs out, and the eye be kept 
clofed for a feafon, the wound will heal, and the 
fluid be recruited* 

c 

The colour and confidence of this humour 
alters. with age ; it becomes thicker, cloudy, and 
lefs tranfparent, as we advance in years, which 
is one reafbn, among others, why many elderly 
people do not reap a] 1 that benefit from fpe<5tacles 
which they might naturally expe<fl. 

Cryjlalline • 

The fecond humour of the eye is the cryjlalline , 
which is as” tranfparent as the pured cryftal; and 
though lefs in quantity than the aqueous humour, 
yet it is of equal weight, being of a more denfc 
and folid nature; in confiflency it is fomewhat 
like a Hard jelly, growing foftcr from the middle 
outwards. It’s form is that of a double convex 
lens, of unequal convexities, the mod convex 
part being received into an equal concavity in 
the vitreous humour. 

The crydalline is contained in a kind of cafe, 
or capfule, the fore part of which is very thick 
and eladic, the hinder part is thinner and fofter. 

This 
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This capfule is fufpended in it’s place by a mu£- 
cle called ligamentum c Hi are, which, together with 
the cryftalline, divides the globe of the eye into 
two unequal portions; the firft and (mailer one 
contains the aqueous humour, the hinder and 
larger part the vitreous humour. The cryftal- 
line has no vifible communication with it’s 
capfule, for as foon as this is opened the humour 
w ithin flips clean out. 

The cryftalline is placed fo, that it’s axis cor- 
refponds w ith that of the pupil, and confequent- 
ly it is not cxaclly in a vertical plane dividing»the 
eye into two equal parts ; but fomewhat nearer 
the nofe. It is formed of concentric plates or 
feales, fuccccding each other, and thefe feales 
are formed of fibres elegantly figured, and wound 
up in a ftupendous manner; thefe are conne&ed 
by cellular fibres, fo as to form a tender cellular 
texture. Between thele feales is a pellucid li- 
quor, which in old age becomes of a yellow co- 
lour. The innermoft feales lie clofer together, 
and form at laft a fort of nucleus, harder than 
the reft of the lens. The cryftalline has no vi- 
fiblc communication with it's capfule, lb that 
when this is opened, it readily flips out: lome 
lay, that a fmall quantity of water is effufed round 
it. Leeuwenhoeck has computed that there are 

near 
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near two thoufand laminae, or fcalcs, in one 
cryftalline, and that each of thefc is made up of 
a fingle fibre, or fine thread, running this way 
and that, in fcveral courfes, and meeting in as 
many centers , and yet not interfering with, or 
eroding each other. 

The yellow colour wherewith the cryftalline is 
more and more tinged as wc advance in years, 
muft make all objedls appear more and more 
tinged with that colour : nor does our being in- 
•fenfible of any change in the colour ofobjeefts, 
prove to us that their colour continues the fame; 
for in order that we fhould be fenfible of this 
change, the tindture muft not only be confider- 
able. but it muft happen on a fudden, as will be 
more fully explained hereafter. In the catara& 
it is opake; the feat of this diforder is in the 
cryftalline lens. 


Vitreous Humour . 

< 

The vitreous is the third humour of the eye ; 
it receives it's name from it’s appearance, which 
is like that of melted glafs. It is neither fo hard 
as the cryftalline, nor fo liquid as the aqueous 
humour; it fills the greateft part of the eye, ex- 
tending from the infertion of the optic nerve to 

the 
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the cryftalline humour. It fupports the retina, 
and keeps it at a proper diftance for receiving 
and forming diftindfc images of objects. 

The vitreous humour is contained in a very 
thin pellucid membrane, and concave at it’s fore 
part, to receive the cryftalline ; at this place it’s 
membrane divides into two, the one covering the 
cavity in which the cryftalline lies, the other 
palling above, and covering the fore part of the 
cryftalline, thus forming a kind of ftieath for 
the cryftalline. The fabric of the vitreous hu- 
mour is cellular, the fubftance of it being divided, 
by a very fine tranfparent membrane into cel- 
lules, or little membranous compartments, con- 
taining a very tranfparent liquor. 

Ligament inn Ciliarc. 

There is ftill one part to be deferibed, winch, 
though very delicate and finall, is of great im- 
portance; it is called the ligamentum clliare, 
bccaufe it is compofed of final! filaments, or fi- 
bres, not unlike the cilia, or eyelafhes; thefe 
fibres arife from the infidc of the cnoroides, all 
round the circular edge, where it joins the uvea; 
from whence they run upon the fore part of the 
vitreous humour, at that place where it divides 

to 
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to cover the cryftalline; thofe fibres are at fomc 
difiance frompne another, but the interftices are 
filled up with a dark-coloured mucus, giving it 
the appearance of a black membrane. 

Of the Figure reprefcnting the Eye. 

Figure i, reprefents a fe&ion of the eye thro* 
the middle, by an horizontal plane palling 
through both eyes; the diameter of the figure is 
about twice the diameter of the human eye. 

Theoutermoft coat, which is called fclerotica, 
is reprefented by the fpace between the ’ w o exte- 
rior circles BFB; the more globu r part, 
adjoining to the fclerotica at the points B B re- 
prefented by the fpace between the two circles 
at BAB, is the cornea. 

The next coat under the fclerotica is a mem- 
brane of lefs firmnefs, reprefented by the two 
innermofi circles of B F B, and called the cbo- 
roides. 

Adjoining to the choroides, at BB, is a fiat 
membrane, called the uvea, a a is the pupil, 
being a fmall hole in the uvea, a little nearer the 
nofe than the middle. 


V the 
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V the optic nerve ; the fibres of this nerve, 
after their entrance into the eye, fpread them- 
fclves over the choroides, forming a thin mem- 
brane, called the retina, and is reprefented in 
the figure by the thick fhade contiguous ro the 
circle BFB. 

EE is the cryJiaUinc humour; it is fufpended 
by a mufr 1 '' B b b B, called the ligament um cili - 
are. Thu* xuftclc tiifes behind the uvea at BB, 
wh the f I rocica and cornea join together at 
b d ; it enters the capfula, and thence fpreads over 
a great part ol it’s anterior furface. 

The aqueous humour occupies the {pace 
BA BbCb. 

The larger fpacc BbDbBF contains the 
vitreous humour. 

The foregoing defeription, we prefumc, will 
be found fufTicicnt to give the reader a gcitcral 
idea of the con ft ruction of this wonderful organ : 
for a fuller account we mud refer him to the 
writers on anatomy. Enough has been exhibited 
to fhew with what art and wifdorn the eye has 
been con ft rue ted. “And h2 muf be very ig- 
norant of it’s flructurc, or have a very ftrange 

D call 
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call of underftanding, who can ferioufly doubt, 
whether or not the rays of light and the eye were 
made fc>r one another, with confummate wifdom, 
and perfect Ikill in optics/* 

“ If we fhould fuppofe an order of beings en- 
dued with every human faculty but that of light, 
how incredible would it appear to fuch beings, 
accuftomed only to the flow information of touch, 
that, by the addition of an organ, confifting of 
a ball and focket of an inch diameter, they might 
be enabled, in an inftant of time, without chang- 
ing their place, to perceive the difpolition of a 
whole army, the order of a battle, the figure of a 
magnificent palace, or all the variety of a beau- 
tiful landfcape ? If a man w ere, by feeling, to 
find out the figure of the Peak of Tenerilfe, or 
even of St. Peter’s church at Rome, it would be 
the work of a life-time. 

** It would appear Hill more incredible to fuch 
beings as we have fuppofed, if they w ere informed 
of the difeoveries w'hich may be made by this 
little organ, in things far beyond the reach of any 
other fenfe. That, by means of it, we can find 
our way on the pathlefs ocean, traverfe the globe 
of the earth, determine it’s lize and figure, mca- 

fure 
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furc the planerary orbs, and make difcoveries in 
the fphcre. of the fixed ftars. 

“ Would it not appear ftill more aftonifhing 
to thefe beings, if they fhould be further in- 
formed, that by means of this organ \vc can 
perceive the tempers and difpofitions, the affec- 
tions and paflions, of our fellow-creatures, even 
when they want moft to conceal them ? that by 
this organ w'e can often perceive what is flrait 
and crooked, in the mind as w ell as the body : 
tha,t it participates of every mental emotion, the 
fofteft and moft tender, as well as the moft 
violent and tumultuous: that it exhibits thefe 
emotions with force, and infufes into the foul of 
the fpe&ator the fire and the agitation of that 
mind in which they originate ? To many myf- 
tcrious things mull a blind man give credit, if 
he will believe the relations of thole that feel 
his faith muft exceed that which the poor 
fccptic derides as impoflible, or condemns .as 
abfurd. 

** It is not, therefore, without reafon, that the 
faculty of feeing is looked upon as more noble 
than the other fenfes, as having fomething in it 
fuperior to fenfation, as the fenfe of the under- 

D 2 Handing, 
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Handing* the language of intelligence. The 
evidence of rcafon is called feeing , not feelings 
fmelling, tailing; nay, we exprefs the manner 
of the divine knowledge by feeing, as that kind 
of knowledge which is moll perfect in our- 
felves.”* 

* Reid's Inquiry into the Human Mind* 
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Of the Nature and Properties of Light and of 

Vifon. 

B EFORE we can attain any fatisfadory 
knowledge of the nature of vifion, it will 
be neceflary to point out fome of the properties 
of light. There is no part of the inanimate 
creation more wonderful and aftonilhing than the 
rays of light, and the phaenomena occafioned by 
them : the knowledge of thcfe properties, and 
the nature of vifion, is with propriety reckoned 
as one of the moft important articles of natural 
knowledge: it conflitutcs the fcience of optics, 
on whofe utility and excellence it would be need- 
lefs to expatiate, after obferving, that to this 
fcience we owe the invention of thofe optical ma- 
chines, which corred the imperfections of fight, 
and increafe it’s natural powers ; making us ac- 
quainted with beings whofe minutencfs renders 
them imperceptible, and bringing to hand ob- 
jects, whofe remote fituation affords to the eye 
either no information, or fuch as is imperfed 
and erroneous. 

The rays of light are of fuch extreme minute- 
pefs, as to pervade with facility bodies of the 

Dj clofeft 
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clofeft texture, and greateft denfity: their ve- 
locity is fo great, that if the particles of light 
were equal in mafs to the one millionth part of a 
grain of iand, we fhould no more be able to en- 
dure- their impulfe, than that of fund lhot point- 
blank from a cannon. The rays crofs each other 
in all directions, without the lead didurbance; 
for through a hole, not exceeding one-hundredth 
part of an inch in diameter, we can eafilv view the 
objects, which occupy almoft an entire hemi- 
fphere; the light proceeding from all thefe 
objects muft, therefore, pafs at the fame time 
through the hole in a great variety of directions, 
before they arrive at the eye, and that without 
interfering with each other, and preventing the 
fight of the objects. How cxquiiitcly minute 
muft thefe particles be, that myriads ofthem can 
move promifcuoufly all manner of ways, without 
impinging oik? another. That light moves with 
greater velocity than found, is known to every 
one; becaufe the flafh of a gun, fired at a con- 
fiderable diftance, will be feen fome time before 
the found is heard ; biit found is known to move 
at the rate of 1142 feet in a fecond of time. It 
was referved, however, to modern aftronomers, to 
difeover with exadlnefs the velocity of light ; and 
from their obforvations it appears, that it pafies 
through about one hundred and feventy thoufand 

geogra- 
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geographical miles in a fecond of our time. 
Milton invokes light in the following fublime 
manner. 

"Hail, holy light, offspring of heav’n firft-born; 

Or of th’ eternal co-eternal beam 

May I exprcfs thee unblam’d ? fince God is light. 

And never but in unapproached light 

Dwelt from eternity, dwelt them in thee. 

Bright effluence of bright elfence increate. 

Or hcar’ft thou rather pure ethcrial ftream, 
Whofe fountain who (hall tell ? before the fun. 
Before the heavens thou vvert, and at the voice 
Of God, as with a mantle, did ft inveft 
The riling world of waters, dark and deep ; 

Won from the void and formlefs infinite.** 

Whatever is feen or beheld by the eye, is by 
opticians called an objcR . 

They confider every object as made up of a vaft 
number of minute points, and that each of thefe 
points, by an unknown pow er, fends forth or 
reflcifts rays of light in all dire£tions, and is thus 
the center of a fphere of light, extending indefi- 
nitely on all (ides. 


Di 
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To render this plainer, let us fuppoleone point 
of an objedt to be fingled out from the reft, and 
reprefented by P, fig. 4, then the lines proceed- 
ing from it may be confidcrcd as the rays of light. 
Now it is evident, by infpedling the figure, that 
in whatever pofition the eye be placed, whether 
at A, at B, or C, &c. the point will be vifible, 
rays being fent from it to every part. 

It appears further, from all experiments that 
have hitherto been made, that the rays of light 
proceed from every point of an objedt in firait 
lines; but that they are refracted or bent out of 
this rectilinear courfe, whenever the denfity of 
the medium, through which they pals, is in- 
ti reafed or el i mini filed. 

By a medium , in the language of opticians, is 
meant any tranfparent fubftance, folid or fluid, 
thr'ough v\ hich light pafles. 

One medium is faid to be more denfe than 
another, when it contains more matter in the 
fame bulk or fizc: thus glafs is more denfe than 
water, water is more denfe than air. 

Light is more re fra died, or bent, in palling 
lrqm air into glafs, than from air into water; 

or. 
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p r, in other words, the denfer the medium is, 
the more the rays are bent, and approach a per- 
pendicular let fall from it's furface. An increafe 
of denfity is not the only circumftance which 
augments the refracting power of bodies, afimi- 
lar effeCt is produced by an increafe of inflam- 
mability. 

The direction with which the rays of light fall 
on any medium, is as much to be confidered as 
it’s denfity. 

For if a ray falls perpendicularly on the furfap e 
of any medium, it is not bent, but goes on in the 
fame direction in which it entered, the refradtion 
only taking place when the rays fall obliquely, 
and is fo much greater, as the incidence is more 
oblique, and the medium is more denfe. Thus, 
for example, the rays are more bent in palling 
from air into glafs, than from air into water. 

The following pleating and eafy experiment 
will give the reader a clear idea of what is meant 
by the refraCHon of the rays of light; a wonder- 
ful property, to which we are indebted for all the 
advantages of vifion, and the afliftance received 
from glafles. 


Experiment. 
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Experiment. Into any (hallow veflel (a balon) 
put a (hilling, and retire to fuch a di fiance as that 
you can juft fee the farther edge of the (hilling, 
but no more^ let the veflel, the (hilling, and 
your eye, remain in the fame (ituation, while an 
afliftant fills up the veflel with water, and the 
whole (hilling will then become vifible. 

Thus the eye E, fig. 2, can fee no part of the 
piece of money b D in an empty bafon Bj but 
pour water into the bafon up to c, and the whole 
piece will be feen ; becaufe the ray A c D, which 
w r as ftrait before, is now bent into the form AcB, 

For the fame reafon, a ftrait (lick put partly 
into water appears bent. 

Every ray of light carries with it an image of 
that point from which it proceeded. If, there- 
fore, ajl the rays coming from any point, can be 
united in the fame order in which they were 
emitted, there will be a perfccft reprefcntation or 
image of the objedl, at the place where they are 
thus orderly united. 

The whole apparatus of the eye is defigned to 
produce this orderly union of the rays. The fame 

purpofe 
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purpofe is alfo effected by means of convex 
lcnfes. 

It is by the refraction of the rays of light, that 
this union is brought about. We have already 
obferveu, that if a ray of light falls perpendicu- 
larly upon the furface of any medium, it will 
continue to go on in a ftrait line, in the lame 
direction it was moving in before; but if it falls 
obliquely upon the furface of the fecond medium, 
it will be refradted at the point of incidence, Co 
as to be bent towards the perpendicular, when it 
paflcs out of a thinner into a more denfe one ; * 
and from the perpendicular, when it paffes out 
of a denfcr into a thinner medium. 

The parallel rays, fig. 3, a b c de fg, falling 
obliquely on the furface A DB of a double con- 
vex lens, are refracted or bent inward, by paffing 
through the lens, and meet in a focus, or point, 
at C, which is the center of the lens’s convexity. 

The middle ray d D falling perpendicularly on 
the furface of the lens at D, fuffers no refraction 
in pafiing through it. 

By this means, if a number of rays, proceeding 
from any one point, fall on a convex fpherical 

furface 
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furface of glafs, they will be bent or refracted, fo 
as to be nearly united in a point Dchind the glafs, 
and there form a reprefentation of the original 
point. 

Hence, when the rays which rente from all the 
points of an object, meet ago. -a ;n .1 . many points, 
after they have been re-united bv •< traction, they 
will at thefe poins of re-union form a picture 
of the obje<H: upon any white body on which 
they fall. 

An eafy and very Ample experiment w ill ena- 
ble the reader to comprehend this part, better 
than any explanation in words. 

Experiment. Let B B, fig. 5, reprefent a 
darkened room, or box, into which no light is 
admitted but what comes through a glafs lens at 
O. Let DEF be objedts without doors. 

The rays of light coming from the objects 
will be turned out of their courfc by the refrac- 
tive power of the lens, and be made to unite at 
the focus of the lens. 

If, therefore, a piece of white paper* be held 

at 

* The piflure appears beft upon white, becaufe white 
bodies refletl light of all the different colours more copiouily 9 
and more equably than bedies of any other colour. 
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at the focus, the pictures of the objedts will be 
fairly and orderly reprefented on the paper, in 
their natural colours and proportions, but in an 
inverted lituation. 

Every phyiical point of the objects lends forth 
it’s cone of rays, which, by means of the lens, 
are made to unite orderly at C I I, and being there 
reflected by the paper, the image of the whole 
object is diftindt and vifible, like a picture drawn 
upon canvas, but much more lively and diftindt 
than the belt finifhed drawing of the fineft artift. 

If the paper be removed nearer to, or farther 
from the lens, the pidture will be confufcd; be- 
caufe the rays proceeding from the next adjacent 
points of the objedts, begin to interfere, and mix 
together. 

The diftindtnefs of the pidture depends upon 
the feparation of the rays belonging to every 
point of the objedt, upon their reception by the 
paper. 

If the paper be removed farther and farther 
from the focus, the pidture will become more and 
more indiftindt, and at length totally vanifh, no 
one part being diftinguifhable from the reft, be- 

caufe 
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caufe the rays from remote parts are mixed with 
the others. It is for the fame reafon, that the 
room muft be dark, othcrwife the foreign light, 
by mixing with the pencils that form the picture, 
will fo weaken it, that at lalt, as the light grows 
Wronger, it will become infenlible, being effaced 
by the adventitious rays. 

The caufe of the inverfion of the image is 
evident from a bare infpe<5tion of the figure ; 
and it is plain, that this inverfion is not to be 
attributed to the lens : for if the lens be removed, 
and the light be admitted into the room by a 
hole of about one- tenth of an inch diameter, we 
fliall have, on the paper, an inverted, though 
imperfetfl, picture of the objects without, in the 
fame manner as when the light comes through 
the lens. 

« 

In both cafes the fcveral pencils of rays nccef- 
farily crofs each other ; but without the lens, the 
piflurc will be faint and confufed : it is faint, 
bccaufe there are but few rays for forming each 
point of the image ; v hereas the lens collected 
many together in one point, and thus rendered 
the image ftronger ; the picture is confufed, be- 
caufe the rays that proceed from adjacent objects 
interfere, and mingle together. 


By 
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By the lens, a great number of rays are united 
in the fame fenfible poinr, and this is the principal 
ufe of it ; and the image is brighter, in propor- 
tion as there are more rays united ; and more 
diftindt, in proportion as the order in which they 
proceed is better preferved in their union. 

Of Vijion . 

The foregoing reprefentation of objeQs upon a 
flicct of paper, by means of a lens placed at a hole 
in a window-fliutter, is exceedingly fimilar to 
what happens to our eyes when we view objedts. 
For vifion, fo far as our eyes are concerned, con- 
lifts in nothing but fuch a refradtion of the rays 
of light by the tranfparent lkins and humours of 
the eye as will form a diftindt pidture of the 
object on the retina. For the ftrudture of the 
eye plainly indicates, that in order to attain diG- 
tindl vifion, it is neceffary that a certain quantity 
of rays from every vifible point of an objedfe 
ihould be united at the bottom of the eye, and 
that the points of union of the rays of the dif- 
ferent pencils iliould be as diftindt and Separate 
as poftible. 

The eye is admirably contrived for effcdling 
thefe purpofes : all the rays coming from any 
vifible point of an objedt, that can enter the 

pupil. 
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pupil, arc united clofdy together upon the retina 
and thereby make a much more powerful and 
ftronger impreflion than a (ingle ray alone could 
do; to anfvver this purpofe, the retina is placed 
at a proper diftance behind the refracting fur- 
faces, and each pencil of rays is refracted orderly 
into diftindt focufes, that the whole objedt may 
be diltinctly feen at the (ame inflant. 

Thefe effects are owing to the refraction of the 
rays of light; for if thefe rays were not fo re- 
fradled, very few of them would Hr ike upon the 
leaft fenfible point of the vifionary nerve, and the 
riys from different objedts, or from different 
parts of the fame objects, would (trike at the fame 
place at once, and thus create an indiltinctncfs 
equal to blindnefs. 

When the light is weak or (trong, the pupil 
is accordingly enlarged or contracted, for the ad- 
mifiion of more or fewer rays, that the im- 
prcffions on the retina may be rendered fuitable 
to the refpedtive cafes. 

As the cryftalline humour is denfefl in the 
middle, it is highly propablcthat it is not equally 
refradtive. This difference in denfity of the con- 
ffituent parts of the cryftalline is admirably 
contrived for corrcdting the aberration from it’s 

figure. 
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figure, as well as that of the corned. The 
more remote rays of each pencil^ by pa fling 
through a medium, gradually diminifhing in den- 
lity from the middle towards the extremes, have 
their focufes gradually lengthened, which correct 
the aberrations of the figure, that fo they may 
unite nearer together. The concave figure of 
the retina is fomewhat ferviceable for the fame 
purpofe. 

It is by no means eafy to determine with 
accuracy the meafure of refraction of the different 
humours of the eye ; from fuch experiments as 
could be made, it has been found that the refract 
tive powers of the aqueous and vitreous humours 
are much the fame with common w'ater, and 
that of the cryftalline a little greater; 

The cornea and aqueous humour being fuppo- 
led to have the fame refractive powers, all three 
may be confidcred as one denfe medium, whole 
refraCtive furface is the cornea ; and the cryftaU 
line humour may be confidered as a convex lens, 
placed in a given pofition, within the faid me- 
dium. Whence the humours of the eye all toge- 
ther make a kind of compound lens, whofe effeCt 
in refracting rays having a given focus of inci- 
dence, is eafily found by the laws of optics. 

E We 
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We (hall now endeavour to explain the a&ion 
of the rays of light upon the eye, by a figure. 
Let PQR, fig. 6, be an object ; then the pen- 
cils of light B PB, BQB, BRB, from the points 
PQR, are firft: refracfled by the cornea, fb as to 
belong to the focufes a b c, behind the eye; then 
by the anterior furface of the cryftalline humour, 
they are again rc fra died towards the focufes hi k, 
nearer to the eye than before ; and laflly, in 
going out of the cryftalline into the vitreous 
humour, they are again refracted, fo as to unite 
in the points pqr. In like manner, the pencils 
of rays coming to the cornea from every phyftcal 
point of the object PQR, are, by the different 
refradling furfaces of the eye, brought orderly 
to unite upon the retina, and there form, as it 
were, an image pqr of the objedt, but in an in- 
verted pofition; the upper part of the objedt 
being painted upon the lower part of the retina, 
the right fide of the objedt upon the left fide of 
the retina, and fo of other parts. Thus the ca- 
vity of the eye is a kind of camera obfcura % the 
cornea and cryftalline making a fort of com- 
pound lens, whofe aperture is limited by the 
breadth a a of the pupil. And that the parts of 
the eye are adapted to produce fuch an image, 
may be proved by experiment : for if the tunica 
fclerotica be taken away from the back of an eye, 

newly 
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newly taken oat of the head of any animal, and 
this eye be placed in a hole made in the window--, 
(butter of a dark room, fo that the bottom of 
the eye be towards you, a beautiful, but inverted, 
pidture of external objects will be exhibited, 
painted in the moil lively colours* 

If the humours of the eye, by age, or any other 
caute; (brink and decay, the cornea and cryftal- 
line grow flatter than before; and the rays not 
being fufficiently bent, arrive at the retina before 
they arc united in their focus, and meet in fome 
place behind it, and therefore form an imperfect 
pidture at the bottom of the eye, and exhibit the 
objedt in a confuted and indiftindt manner: this 
defedt, of which we (hall treat more particularly 
hereafter, is remedied by fpedtacles with convex 
glades, which, by increafing the refradtion of the 
rays of light, caufe them to converge more, 
and thus convene diftindtly at the bottom of the 
eye. 

On the other hand, if the cornea and cryftal- 
line be too convex, the rays unite before their 
arrival at the retina, and the image thereon is of 
courfe indiftindt; this defedt, like the preceding 
one, may be remedied by the ute of glades, 
though of a contrary figure, for here they muft 

E 2 be 
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be concave, indead of convex ; a lens, of a pros- 
per concavity, placed before the eye, will make 
the rays diverge fo much more than they do in 
their natural date, as will caufe them to meet at. 
the retina. 


Of the Artificial Rye. 

If the eye of an animal be taken out, and the 
(kin and fat be carefully dripped od' from the back 
part of it, till only the thin membrane which is 
called the retina, remains to terminate it behind, 
and any object be placed before the^front of the 
eye, the picture of that objedl will be feen 
figured as with a pencil on the retina. There 
are thoufands of experiments which prove that 
this is the mechanical effedfc of vifion; but none 
of them which render it fo evident as this with 
the eye of an animal: an eye of an ox newly 
killed, fhews it happily, and with very little- 
trouble. 

The optical effects of vifion may be very plea- 
fingly and fatisfatdorily illudrated by the indru- 
ment reprefented. at fig. 7, which is called an 
artificial eye. 

At the end E there is a piece of glafs placed. 
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•n which the form of the eye is painted, a part 
being left tranfparent, to reprcfent the pupil ; 
within the globe are infertcd three lenfes, of dif- 
ferent convexities, either of which may be brought 
oppofite to the hole, or pupil j one of thefe is to 
anfwer for the natural ft ate of the eye ; the other 
being lefs convex, is to fliew the ftate of the eye 
when flattened by age; the third, more convex 
than the firft, to reprefent the condition of the 
fhort-lighted : at the oppofite end A of the globe 
is a greyed or femi-tranfparcnt piece of glafs, to 
reprefent the retina. 

At the front are two lenfes, fitted into frames, 
and moveable by the handle B, one concave, C, 
the other convex, D, which may be occalionally 
placed before the eye, to fliew how the imperfect 
ftates of it are remedied. 

If the artificial eye be turned towards any 
bright objedt, at a moderate diftance, and the 
lens for the natural light be brought before the 
pupil, a lively and diftindt, though inverted, 
picture of the objedt will be exhibited on the 
greyed glafs. If you take the eye in your hand, 
you will fee. a bright vivid image of the window 
on the greyed glafs. 


E 3 If 
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If cither of the other lenfes be placed oppofite 
the pupil, the picture becomes confufed i 1 hew- 
ing, that when the eye has it’s due form and 
figure it has no occafion for lenfes. 

To reprefent a long-Jigbted eye , bring the glafs 
which is lefs convex than the fir ft, to coincide 
with the pupil, and you will find the image very 
jmperfed: on the greyed glafs ; but by applying 
the convex lens, which will caufe the rays to 
converge, you will obtain a perfect image of the 
objeCt. Now' remove the glafs that is behind 
.the pupil, and bring forward in it’s place the 
lens w hich is more convex, this will reprefent 
the cornea of a Jhort-fighted eye, as well as it's 
effeCt in forming the image fhort of the retina, 
and if you hold it up towards the window, you 
will find that no image of the window is formed, 
nor can any objeCt at a diftance have it’s image 
formed with diftinCtnefs in this cafe ; but put 
the concave glafs before it, and this by render- 
ing the rays lefs convergent will make the rays 
unite at the retina, and form as pcrfeCt an image 
ris before. 

Of the inverted Pojition of the linage. 

If vifion be owing to the picture on the retina, 

it 
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it may be a Iked, why the object appears in it’s 
natural upright pojition ? how, when nature draws 
the picture the wrong way, her errors are fo rea- 
dily corrected ? 

If it were as eafy a talk to give a fatisfaCtory 
explanation of this abftrufe queltion, as it is to 
Hart objections to every fyltem hitherto fuggelted, 
to account for the operations of the mind on the 
body, and the body on the mind, it would have 
been explained long ago.* 

The difficulty would be dill greater, if it was . 
the picture we faw, and not the objcCt; but the 
picture is not feen at all , the eye can fee no part 
of itfelf; the picture is the inltrument, by means 
of which the objeCt is perceived; but it is not 
perceived itfelf the inltrument neither perceives, 
compares, nor judges; thefe are powers pecu- 
liar to that pfycological unity which we call the 
mind. 

It is abfolutely neccflary, in conlidering this 
fubjeCt, to diltioguilh between the organ of per- 

E 4 ccption, 

* See, on this fubjcft, Reid on the Mind, Potterfield on 
the E ye, Hartley on Man, Bonnet’s Efl'ai Analytique fur 
l'Ame, Berkeley on Vifion, &c. &c. 



$6 Essay on Vision. 

ception, and the being that perceives. A man 
cannot fee the latellites of Jupiter, unlefs a flirted 
by a telefcope : does he therefore conclude from 
this, that it is the telefcope that fees thofe fatel- 
lites ? By no means ; the conclufion would be 
abfurd : nor would it be lefs abfurd, to conclude 
that it is the eye that fees : the eye is a natural 
organ of light, but the natural organ fees as little 
as the artificial. 

Our fenfes are inrtruments, fo framed by the 
Author of our being, that they correfjpond with, 
or have a determined relation to, thole qualities 
in objects which they are to manifefl: to us. It 
is thus with the eye; it is an inrtrument moft 
admirably contrived for manifefting vifible objects 
to the mind ; for this purpofe, it refracts the rays 
of light, and forms a picture upon the retina; 
bu^ it neither fees the objedt, nor the pidlure. 
The eye will refradt the rays of light, and form 
the pidture, after it is taken out of the head, but 
no vilion enfues. Even, when it is in it’s proper 
place, and perfectly found, an obftrudtion in the 
optic nerve takes away vilion, though the eye 
has performed all it's functions. 

We know, indeed, how the eye forms a pidlure 
of vifible objedts on the retina; hut how this 

pidture 
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picture makes us fee objects, we know not: and 
if experiment had not informed us that fuch a 
picture was neceflary, we fliould have been en- 
tirely ignorant of it. The feat of fenfation, 
wherever it is placed, does not appear to be paf- 
live in receiving images; the images are the 
occafion of it’s re-adtion, and directing a ray 
from itfclf towards every object it perceives, and 
this action and rc-a<5tion are reciprocal. Hence 
we often fee objects when the eye is turned from 
them, and often do not fee the object on which 
the eye is turned, if the attention be otherwife 
engaged. 

The pi&ures upon the retina are, however, a 
mean of vifion; for fuch as rhe pi<5ture is, or 
fuch as the action of the rays of light is on the 
retina, fuch is the appearance of the object in 
colour and figure, diftin&nefs or indiftinctnefs, 
brightnefsor faintnefs; but. as we are totally ig- 
norant of the mechanifm of the mind, or of the 
organization of the mental eye, we cannot fay 
how this effedt operates, and can only conclude^ 
that the natural eye is an instrument of vifion. 

It appears very clear from Dr. Darwin's ex- 
periments, that the retina is often in an adlive 
ftate, and that upon the activity of this organ 

many 
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many of the phenomena of vilion depend; an 
imprcflion on the retina being firft made by an 
adlive power, which produces a conformable 
change and re-adlion, that pafles diredlly to the 
fenforium, occafioning, though in an unknown 
manner, the perception of objedls. 

On a fubjedl, therefore, confefledly foobfcurc, 
and which is perhaps beyond the limits of human 
conception in it's prefent (late, every explana- 
tion mull be imperfect, every illullration inade- 
quate. Among the various attempts of human 
fagacity, to Ihew why an inverted image is the 
mean of exhibiting objects to the mind in an up- 
right polition, the following is perhaps one of 
the leaft imperfedt. 

Every point of an objcdl is feen in the direction 
of a right line, palling from the pidture of that 
point on the retina, through the center of the 
eye, to the objcdl point; and, therefore, fuch 
points indicate to the mind the exigence of the 
obje£fc point, and it's true lituation; and of 
courie, that the objedl, whole pidture is lowelt on 
the retina, mull be feen in the highell diredlion 
from the eye; and that objedl, whofe pidlure is 
on the right of the retina, mull be feen on the 
left: (o that by a natural law of our conllitution, 

we 
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we fee objects ereCt by inverted images, and if 
the pictures had been ereCt on the retina, we 
ihould have feen the objeCt inverted.* 

But fuppofing the preceding illuftration to be 
the true one, and quite fatisfaCtory, many dif. 
Acuities dill remain, to perplex the philofopher, 
and embarrafs the anatomift. There are parts of 
the eye which affifi: in perfecting the organ of 
vifion, whofe nature and functions are among 
the defiderata of fcience. We are ignorant of 
the office of the optic nerve, or in what manner 
it performs that office. That it has fome part in 
the faculty of feeing, is evident; becaufo in an 
amaurofis, which is faid to be a diforder of the 
optic nerve, the pictures on the retina are clear 
and diftinCt, and yet there is no vifion. 

Wc know ftill lefs of the ufo and functions of 
the choroid membrane ; it is necefiary, however, 
to vifion; for it is well known, that a picture upon 
that part of the retina where it is not covered 
with the choroid, namely, at the entrance of the 
optic nerve, produces no more vifion than a 
picture upon the hand.f There are, therefore, 

other 

0 Reid on the Human Mind. 

+ This is not conclufive, for where there is no choroid, 

$hpj» 
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other material organs, whole operations are ne- 
ceflary to feeing, even after the pi<5lures upon the 
retina are formed; whenever we become ac- 
quainted with the u(e of thefe parts, more links 
of the chain will be brought into our view, and 
we ihall better comprehend this wonderful instru- 
ment. 

Having had occafion to mention that there is 
no vifion produced by that part of the retina 
which is not covered by the choroid membrane, 
it will be proper to illuftrate this circumftancc 
more fully, and fhew in what manner this fa<5l 
has been afeertained, the difeovery of which oc- 
cafioned a long controverfy concerning the proper 
feat of vifion. 

Experiment. Fix three black patches, A,B,C, 
upon a white wall, at the height of the eye, A 
being to the left, and C to the right : place your- 
felf facing thefe patches, fhut the right eye, and 
direft the left towards the patch C, you will then 
ice both A and C, but the middle patch B will 
difappear. Or if the left eye be (hut, and the 

right 

there is no retina, the optic nerve being not yet expanded 
into that membrane. If the choroid was taken away from 
behind the retina, there is reafon to believe that viliom 
would (till take place. 



Essay on Vision. 6 t 

right dire&ed towards A, you will dill fee both' 
A and C, but B will difappear. If the eye be 
dire<ded towards B, both B and A will be feen, 
and not C ; for which ever of the patches is di- 
reftly oppofite to the optic nerve vanifhes. 
This experiment is rather difficult at firlt, but 
becomes eafy by a little praflice. In our ufual 
intcrcourfe with common objects, we are not 
fenfible of this defe<5t, becaufe we turn the vifual 
parts of the eye with fo much rapidity upon the 
invifiblc part of the object, that the lofs, without 
peculiar attention, is imperceptible; this lofs, 
however, in one eye, is remedied by the ufe of 
both, as the part of the obje<5t that is not feen by 
one, will be diftinftly perceived by the other. 
This defe<5t of fight, though common to every 
human eye, was never known, until it was difi- 
covered by the fagacity of Monf. Mariotte in the 
lad century. 

Of the Extent or Limits of Vijion . 

We {hall now proceed to confider further the 
nature, properties, and extent of power of the 
eyes. As in a dark chamber, a very flenderbeam 
of light is vilible ; fo in all cafes when the fur- 
rounding medium is very dark, objects are feer* 
by fmall quantities of light. Hence, when the 

medium 
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medium round the eye is dark, a fmall quantity 
of light will fuffice for vifion, the eye being, by 
the exclufion of the adventitious light, rendered 
lenfible to the moft delicate impreflions. 

The extent, therefore, of our fight is increaled 
or diminiihed, in proportion to the quantity of 
light that furrounds us, fuppofmg the illumina- 
tion of the object to remain the fame. Hence it 
has been calculated, that if the fame object, 
which during the day we fee at the difiance of 
3436 times it’s diameter, were equally illumi- 
nated during the night, it would be vifibleat 100 
times greater difiance. 

Thus in a dark night the feeble light of a can- 
dle may be feen at a great difiances and the fixed 
fiars, though they have no fenfible diameter, are 
vifible, and the darker the night, the more of 
them’ are feen. A certain quantity of light 
however, necefiary, even in this cafe, for vifion; 
for the impreflions of light from the fatcllites of 
Jupiter and Saturn, are too feeble to be perceived 
without the aflifiance of a telefcope. 

At the approach of day, anc^as the twilight in- 
Creafes, the eye begins to be enlightened by the 
reflexion ©£ the atmolphere, the fiars grow 

fainter. 
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fainter, and in proportion as the light increafes, 
gradually difappear, firfl thofe of the lead, and 
at laft thofe of the largeft magnitude. As the 
day advances, the moon herfelflofes of her luftre, 
till at length her light is overpowered, and fhe 
is no longer feen. In the fame manner, fmall 
particles are feen floating in a beam of light let 
into a darkened room, but as foon as the room 
is enlightened, thofe particles difappear. 

One of the reafons why we are often unable to 
diftinguifh diftant obje&s, is the profufion of rays 
reflected from intermediate objects, which, by 
their brilliancy, prevent us from perceiving the 
fainter rays that proceed from thofe which are 
more diftant, fo that when the obje&s are very 
remote, their pidfcure on the retina is cafily 
obliterated, by the vigorous and lively impref- 
lions made by thofe that are nearer* But 
when the intermediate ones emit a feeble light, 
when compared to that w hich proceeds from the 
more remote ones, thefe will form a diftindl 
picture on the retina, and become pcrfe&ly 
vifible. 

The extent of vifion is not only limited by the 
light of the ambient medium, which enters the 
eye with the pencils of light that proceed from 

furrounding 
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Unrounding objedls; but it is further impeded by 
the heterogeneous particles that are conftantly 
floating in the air : thefe, by their opacity and 
reflective power, form a kind of veil, that obfeures 
the vifion of remote objedls ; and the more the 
medium is loaded with thefe particles, and the 
■more remote the objedfcis from the fpedlator, the 
more obicure and indiftindt it will appear, and 
the limits of viiion be more confined. 

The exhalations which continually rife from the 
earth, augment this obfeurity, and render the 
air lefs tranfparent, efpecially near the earth ; the 
celeflial bodies generally, therefore, appear more 
obicure when near the horizon, than when they 
are at a greater elevation ; becaufe, in the firft 
cafe, they are feen through that part of the at- 
mofphere which is contiguous to the fur face of 
the earth ; but in the latter, through a part which 
,is at a greater diftance. 

Every one knows, that objedls at a given 
diftance are more diftindtly feen, and are viftble 
at a. greater diftance in clear, than in foggy 
weather. Thus early in a clear morning, and 
when the air is free from vapours, and not much 
enlightened, a hill or a head-land is vifible at a 
great diftance ; but as the day advances, the land 

becomes 
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becomes more obfcure, till at length, by the 
great opacity of th/e intervening vapour, and the 
light refle<£ted by it to the eye, the object becomes 
lefs and left perceptible, and at laft totally dif- 
appears. Hills, and other high lands, are feen 
snore diftin<5Uy in the morning, partly from this 
circumftance, that by their elevation they are 
snore illuminated than the parts intervening be- 
tween them and the Ipedtator. 

But the obfeurity ariling from the exhalations 
is not the lead part of the inconvenience they 
occafion; the riling exhalations have a k : d of 
undulating motion, like that of fmoke or iUam, 
to that objedls feen through them appear to 
have a tremulous or dancing motion, which is 
fcnfible even to the naked eye: ifdiitant objeCts 
be viewed on a hot fummer’s day, this effect is 
fo fcnfible in relcfcopes, as to render them en- 
tirely ufelefs for terrertrial objects, when th£y 
augment apparent magnitude more than eighty 
times. 

From this want of tranfparency in the atmo- 
fpherc, arifes that gradual diminution in the 
light of objects, which painters call the aerial 
perfpetffive, by which they endeavour to give 
that degradation of colour, and indiftinCtncis of 

F outlines 
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outlines, peculiar to obje&s at a di fiance: for if 
the air were perfecflly tranfparent, an objedt 
would be equally luminous at all diftances, be- 
caufe the vifiblc area and the denfity of light 
decreafe in the fame proportion. 

Another caufe which limits the extent of 
vifion, and for the removal of which optical in- 
flruments are more particularly adapted, is their 
fmallnefs in proportion to their diflances : for 
excepting in the cafe of luminous objects feen in 
the dark, it is nccelTary that an image on the 
retina fliould have fome determinate magnitude, 
in order to become perceptible; thus a houfe 
may be feen at a conlidcrable di fiance, but we 
mufl approach nearer before the windows are 
difcernible, and nearer flill to diflinguifh the 
bricks. 

Jt is not eafy to determine with accuracy the 
quantity of the minimum vifibile, or the angle that 
is fubtended by the fmalleft vilible objedt. Mr. 
Harris has inferred, from fevcral experiments, 
that objedis arc feldorn vifiblc under an angle 
lefs than 40 fcconds, and at a medium not lefs 
than two minutes. 

A Ample object, as a white or black fquare, 

upon 
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upon the oppofite colour, is perceivable under 
a lefs angle than the parts of a compound one. 
The more objedls differ in colour, the more 
eafily we can diftinguifh their feveral impreflions 
on the retina : different degrees of light on the 
fame object will render it vifible at different dis- 
tances, and under different angles; indeed the 
molt general caufe of the non-vifibility of objedls, 
is the want of fufficient light in the pencils that 
proceed from them; feveral contiguous objects 
are fcarcc difccrmble one from the other, unlefs 
they each fubtend angles that are not lefs than 
four minutes. 

A long Jlendt r objeFI is vifible under a fmallcr 
angle than a fquare objedl of the fame breadth: a 
flender obje<5t, as a line, may be conlidered as 
confiding of feveral fquares joined together ; and 
though one of thefe fquares may be too frnail to 
be feen, yet the pencils of light coming Itum 
each of them being contiguous, and flriking at 
the fame time upon the retina, are capable, by 
their united drength, to awaken the vilive fa- 
culty, and fo to render the objects vifible from 
whence they came. For the fame reafbn, a J mall 
obje£J in motion is eafier difcerned than if at red, 
and may be vifible in the one cafe, though not 
in the other. A fmall dar, by day or twilight, 

F 2 that 
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that cannot be eafily fcen through a telefcope 
directed to it, will become vifible by (halving or 
moving the telefcope. 

There is a great difference in the degree of fen- 
fibility of different eyes. We have been told of 
perfons feeing a fatellite of Jupiter without the 
afliftance of glaffcs : a circumftance that to many 
appears incredible. But when we confider how 
much the various circumftances of light affedl 
vifion, and how much further our fight is ex- 
tended at fome favourable opportunities than 
at others, tnefe extraordinary accounts may be 
the more readily credited. 

The following calculation of M. de la Hire will 
give fome idea of the extreme fenfibility of the 
optic nerves. The fail of a w indmill, fix feet in 
diameter, may be eafily feen at the diflance of 
4000 toifes, and the eye being fuppofed to be an 
inch in diameter, the pidture of this fail at the 
bottom of the eye will be the eight thoufandth 
part of an inch. This (hews with what wonder- 
ful accuracy the rays of light are refradted by the 
eye, fo that a pencil of rays coming from one 
point of the object, (hall meet in a point on the 
retina, (o as not to deviate the eight thoufandth 
part of an inch. 

If 
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If an objedl be held too clofe to the eye, it be- 
comes indidinct, and the more fo the clofer it is 
held, notwithllanding it's apparent magnitude is 
thereby increafed, and a very flender objedl will 
become totally invihble. 

To the generality of eyes, the neared didance 
of didind vifion is about feven or eight inches; 
at this didance they commonly read a fmall 
print, and examine all minute objects. It is true 
fome eyes can fee fmall objcdls bed at the didance 
of dx, four, and even three inches ; and fome 
again at twelve, fifteen, or twenty inches; but 
thefc are only particular cafes, and do not, there- 
fore, affect the prefent inquiry. 

Of dijlinfl and indijlintt Vifion. 

It will be proper in this place to explain, jtvith 
more accuracy, what is meant by diftimd vifion, 
and what is the difference between feeing an ob- 
ject didindlly, and feeing it clearly ; as the 
clcarnefs or brightnefs with which an objedl is 
feen, is often confounded with diftind vifion. 

We fee an objedt clearly, when it is diffidently 
illuminated, to enable us to form a general idea 
of it’s figure, and diftinguifh it from other ob- 

F 3 je&s: 
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jedls : we fee it diJlinSIly , when the outlines of 
it are well defined* when we can diftinguifh the 
parts of it* and determine their colour and fitu- 
ation. Thus we may be faid to fee a diftant 
object clearly , when we can perceive that it is a 
tower; but to fee it dijlin£1ly t we approach fo 
near as to be able to determine not only it’s 
general outline, but to diftinguifh the parts of 
which it is compofed. 

This may be made more evident, by adverting 
to the experiment of the dark chamber, in which 
we fhall find a confiderable difference between 
the diftindtnefs and brightness of the pi&ure j 
and learn, that a confufion of the parts is not the 
fame thing with obfcuricy. 

For the picture may be diftin<ft in all it’s parts ; 
the tjiys w'hich come from one and the fame point 
in the object, may beexadtly collected into one 
and the fame point upon the paper ; and yet, if 
but few rays pafs through the lens, and confe- 
quently the fpace where the picture is painted 
fhould be but faintly enlightened, this pidturc, 
though it is diftin<5t, will be faint and obfeure. 
On the other hand, though the pi<5ture be con- 
fufed, either becaufe the paper is placed at an 
improper diflance from the lens, or for any 

other 
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other caufe; yet if many rays pafs through the 
lens, and ftrongly illuminate the paper, the pic- 
ture, notwithftanding the want of diftinftncls, 
will be a bright one. 

c The brigbtncfs or clearnefs with which an objeH 
is fcen , depends principally on the following 
circumftances. 

t. On the quantity of light proceeding from 
the obje<5t to the eye, and this is in a great mea- 
fure regulated by the di fiance, for the intenfity of 
light diminilhes in an inverfe ratio to the fquare ' 
of the diftances. 

a. It depends on the colour of the obje<5t itlelfj 
and of thole objects which furround it. 

3 . On the manner in which the light falls upon 
the object, and is reflected from it, 

4. On the aperture of the pupil, for the 
wider this is, the greater will be the number of 
rays that arc tranfmitted to the retina. 

5 . On the tranfparency and purity of the 
humours of the eye, and the foundnels of the reft 
of the vilive parts. 

F 4 
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6. On the tranfparency of the atmofphere. 

When all thefe circumftanccs concur, an ob-. 
jedl will appear bright and clear j but lefs fo, in 
proportion as any of them are warning. In order, 
however, to obtain diflinct vifion, it is requifite, 
not only that the object be fufficiently illuminated, 
but alfo that the fcvcral pencils, on their arrival 
at the retina, fhould be 1'. parate, and not mixed 
together, and when this is not the cafe, the out- 
lines of the object and it's parts will appear faint, 
hazy, and ill-clctined. We may, therefore, con- 
fider the jol- swing conditions as necejjary towards 
obtaining dijimti oijion . 

i. The objects fhould be fufficiently illu- 
minated : now all other circumftanccs being the 
fame, the nearer an object is, and the brighter 
it's c colour, the more light the eye receives from 
it ; this is one rcafon why near obje<5ls are more 
diftincftly fecn than thofe that are remote. 

a. The geometrical image of obje<5ls fhould 
fall either upon the retina, or very near it, and 
Ithefe images fhould be fufficiently Urge, other- 
wife the parts of the object cannot be diftin&ly 
perceived: the want of ftze in this image is alfo 
§ paufe of the jndiftindtnefs pf remote objects. 

3r It 
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3. It is alfo rcquifite that the eye be in perfect 
order, and it’s humours tranfparent, in order that 
the impreflions of light may be lively and diftindt. 

In a given eye, and a given difpofition of that 
eye, an image upon the retina will be mod per- 
fect when the objedt is at fome determinate 
diftance from the eye, and it is near this point 
or place, that objedfs, if they are not too fmall, 
will be diftindtly feen. An objeft at a greater or 
lefs diftance, will have it’s image either before 
or behind the retina; and in either cale, if the 
diftance of the image from the retina be con- 
iiderable, the vifion will be indiftindl. 

Dr. Jurin has, however, (hewn that it is not 
neceffary to diftindt vifion, that the images of 
objects, or the points of union of the rays be 
precifely upon the retina, there being fome lati- 
tude both before and behind the retina, within 
which, whatever images be formed, the vifion 
will be equally diftindt, and this latitude will be 
greater or lefs, according as the vifual angles, 
fub tended by the reljpedtjve objedts, are greater or 
lefs. 

Let a printed page, in which there are letters 
of three or four different fixes, be placed at fuch 

a dif- 
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a diftance, that every fort of print may, without 
any {training or eifort of the eye, be perfectly 
diiiind; in this cafe it may be reafonably pre- 
fumed, that the images of the fevcral letters fall 
upon the retina. If the printed leaf be brought 
gradually nearer and nearer, the fmallcft print 
■will firft begin to be confufed, whilft: the larger 
remains as diftincl as before: by advancing it 
ftill nearer, the fmaller print will become more 
confufed, the next fize above it a little confufed, 
whilft the large print is ftill as legible as before, 
and fo through fcveral degrees, till the whole is 
in confufion. 

The lame experiment may be made the con- 
trary way, by tiling a pair of fpectacles, of a 
proper convexity. From hence it is evident - , 
that we may have diftincl vifion, when the focufes 
of the pencils are at fome diftance, either before 
or bekind the retina, and that the larger the ob- 
ject, the greater is this latitude. 

But as in this cafe the pencils from every point 
either meet before they reach the retina, or tend 
to meet beyond it, the light that comes from 
them mult cover a circular fpot upon it, and 
will, therefore, paint the image larger than per- 
fc<ft vifion would reprefent it: and confcqucntly, 

every 
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every objedl, placed either too near or too remote 
for perfect vifion, will appear larger than it is, 
by a penumbra of light, caufed by the circular 
fpaces, which are illuminated by pencils of rays 
proceeding from the extremities of the objedis. 
Thefe circular fpaces are called circles of difiipa- 
tion. This accounts for fhort-fighted perfons 
finding near objedis appear rather magnified, 
when they ufe a concave that is not fo deep as 
that to which they are accuilomed. 

On account of thefe penumbrae, it is clear that 
two liars will appear to be nearer than they really 
are ; and if they be really very near, will appear 
to be but one, but brighter than either of them 
taken alone : fo that the two liars will have the 
fame appearance as if one brighter fiar appeared 
in the middle of the fjpace occupied by two 
liars. 

When objedis are large, they will appear 
tolerably diftindi at a much lefs difiance than 
fmall objeCls, becaufe the penumbras will not 
interfere fo much. For this reafon, a large print 
may be read much nearer the eye than a fmall 
one i the former will appear only ill-defined, but 
fufiiciently diftindi, when the latter is quite in- 

diftindi. 
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diftindt, the penumbra of one letter interfering 
with that of another. 

It is very difficult to afeertain precifely the 
natural diftancc of diftindt vilion, or that difiance 
at which the eye, without any ltrain or effort, is 
luited to fee objects diftindtly. If we fuppofe 
this diftancc to be that at w hich we ufually read 
a large fair prim, this will be about fifteen or fix- 
teen inches, and lefs it cannot be, as we are rather 
more concerned with large objedts than the let- 
ters of a book; and when we view objedts nearer* 
dt is on account of their minutenefs: nor is it 
probable that the diftancc can be many feet, as, 
in order to examine objedts, we are always defi- 
rous to have them near the eye, except they are 
very large. The neareft diftance of diftindt vifion 
is in general computed to be at about feven or 
eight inches from the eye. That point in any 
object to zvbich 1 v optic axis is directed is Jeen more 
diftin&ly than the reft. The truth of this pofition 
is confirmed by every one’s own experience; if 
we turn our eyes dircdtly toward one particular 
part of an object fo as to look fteadily at it, we 
may indeed, if the object be not very large, fee 
all the reft of it at the fame time; but this part 
will appear more diftindt than the reft; ; but look* 

ing 
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ing fteadily at an object is turning our optic 
axis towards it. 

Of the Change in the Conformation of the Eye for dij- 
t in fit Vtfion , at different Difances. 

As a (hip requires a different trim for every 
variation of the direction and the ftrength of the 
wind, fo, if we may be allowed to borrow that 
word, the eyes require a different trim for every 
degree of light, and for every variation in the 
diftancc of the object, while it is within certain 
limits. The eyes are trimmed for a particular 
object, by contracting certain mufcles, and relax- 
ing others ; as the (hip is trimmed for a particu- 
lar wind, bv draw ing fome ropes, and flackcning 
others. The failor learns this trim of his (hip, as 
we learn the trim of our eyes, by experience.* 

A (hip, although it be the nobleft machine 
that human art can boaft, is far inferior to the 
eye, for it requires arc and ingenuity to navigate 
her, and the failor muft know what ropes to pull, 
and which to flacken, to accommodate her to a 
particular wind. But the eye is fabricated with 
fuch fuperior wifdom, and the principles of it’s 

motion 


* Reid's Inquiry into the Human Mind. 
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motion fo contrived, that it requires no art nor 
ingenuity to fee by it : we have not to learn what 
mufcles we are to contra dl, nor which we are to 
relax, in order to fit the eye to a particular dif- 
tance of the objcdt. 

But although we are not confcious of the 
motions we perform, in order to fit the eyes to 
the diftance of the objedt, we are confcious of the 
effort employed in producing thefe motions, and 
probably have fome fenfation which accompanies 
them, and to which we give as little attention 
as to many other fenfations ; and thus a fenfation 
either previous or confequent upon that effort, 
comes to be conjoined with the diffance of the 
object which gave occafion to it, and by this 
conjundtion becomes one of the figns of that 
diftance. 

That we are capable of viewing objedls with 
nearly equal diftindtnefs, though they be placed 
at confiderable difiances from each other, is evi- 
dent ; but the alteration which takes place in 
the eye for this purpofe, or the mechanifm by 
which this effedt is produced, is not eafily ascer- 
tained. 

It feeois clear from the firft view of the fub- 

jedt. 
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jedt, that when feveral objedls are at different 
diftances before us, they will not appear equally 
diilinft at the fame time. Left it ihould be 
fufpedled that the indiftindtnefs in this cafe may 
be owing to the impreflions not being made upon 
the correfponding fibrils of the two retinas, let us 
make a trial with one eye alone, while the other 
is fhut: thus place two fmall objedls, as two 
pins, one behind the other, and let the one be at 
a foot, and the other at about fix inches diftance 
from the eye. Either of thefe objedls, when 
looked at attentively, W'ill appear diftindl; but 
the other, at the fame time, although it be in the 
axis of the eye, will be confufed. And front 
hence it is very clear, that the fame conformation 
of the eye is not adapted for diftindl vifion at all 
diftances, and that the eye by fome means 
changes it’s conformation, fo as it may be better 
fuited lor vifion at different. diftances. 

In a fimiiar manner to the foregoing experi- 
ment. if the eye looks attentively upon the little 
fcratchcs or particles of dull upon a window- 
glafs, the objects without doors will be indi Hindi; 
and when we look at the external objedls, the 
opakc parti .Its upon the glafs, which before 
were did in will now be confufed. It allb fre- 
quently happens, that when we firft look at an 

objedt. 
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object, it will appear very confufed, which con- 
fufion will vanifh by degrees, and in a little time 
the object will become quite diflin&. 

In like manner, if after poring fome time on a 
book, we fuddenly look at obje&s farther offj 
they will at firft appear confufed, and become 
diftin&er by degrees. A fimilar indiftindtnefs 
takes place, when from looking at remote objeefts, 
we fuddenly look at one that is near. To what 
can we attribute thefe phenomena, but to a 
change in the conformation of the eye for vifion 
at thefe different diftances ; a change which re- 
quires fome fmall time for it’s performance. It 
cannot be owing to the lafl: impreflion on the eye 
not being obliterated ; for in that cafe, the fame 
confuiion would be obfervable upon fhifting the 
eye from one page of a book to the other. 

Tljefe phenomena are ftronger when they 
happen without our thinking upon them ; for 
when we make the experiment on purpofe, and 
the mind is already prepared for what is to hap- 
pen, it has time in part to fruftrate our defign; 
the more fo, as thefe changes are fomewhat 
painful. 

Authors are much divided in their opinions 
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concerning the change that is made in the confor- 
mation of the eye, to procure diftintfl vifion at 
different diftances, fomc thinking it to be a 
change in the length of the eye, others that it 
is a change in the figure or pofition of the cryf- 
talline humour, others that it is a change in 
the cornea. The authors of each opinion have 
thfcir objections to all the refi, and perhaps the 
truth may lie among them all. As the rays of 
light fuffer a greater refraCtion at the cornea than 
they do afterwards, it is plain that a lefs change, 
as to quantity, in the radius of the cornea, will 
effcCt the bulincfs, than would be fufficient in 
any other part of the eye: but at the fame time* 
it mult alfo be confeflcd, that moft perfons who 
have been couched for cataraCts, are obliged to 
have glaffes of different convexities, in order to 
have diftinCt vifion at different diftances ; from 
whence it feems neceffarily to follow, that the 
cryftallinc humour is concerned in changingthe 
conformation of the eye. Perhaps the cornea, 
and the cryftalline, if not fomc other parts of the 
e^e befides, may contribute to produce this effeCt: 
and in order to obtain diltindt vifion at a nearer 
diftance, at the fame time the cornea is rendered 
more convex, the axis of the eye may be a little 
lengthened, the cryftalline made more convex 
and brought forwarder, all which changes con- 

G fpire 
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fpire to the fame end ; and the contrary for ob- 
taining vifion at a greater diftance. 

It has been (hewn by writers on optics, that if 
an object be viewed diftinctly at three different 
diftanccs from the eye, the firft of which may 
be the leal! diftance at which it can be viewed 
diftindtly, the fccond double the firft, and the 
third infinite, that the alterations in the confor- 
mation of the eye, ncccffary for viewing an object 
diftinctly at the firft and fecond diftances, whofe 
difference is but fmall, are as great as thofe that 
are neceflary for the fecond and third, whofe 
difference is infinite. 

Hence, if a (hort-fighted perfon can read a 
fmall print diftindtly, at two different diftances, 
whereof the larger is but double the leffer, as 
great alterations are made in his eyes, as in one 
whafe eyes are perfedt, and that can fee diftindtly 
at all intermediate diftanccs, between infinity 
and the largeft of the two former diftances. 
For the fame rcafon, a fhorL-fightcd perfon can 
fee diftindtly at all diftances, with a (ingle con- 
cave of a proper figure; for the caufe of (hort- 
(ightednefs is not a want of power to vary the 
conformation of the eye, but that the whole 
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quantity of refractions is always too great for 
the diftance of the retina from the cornea. 

We may hence alfo clearly perceive why our 
eyes are fo foon fatigued in looking at near 
objects? for in this cafe, the mufcles of the eyes, 
and the ligamentum ciliare, are obliged to make 
a confiderable effort, to give the eyes the necef- 
fary conformation, which effort being greater in 
proportion as the object is nearer, muft be pain- 
ful and laborious when the object is very nigh. 

When the eye has been attentively fixed on. 
an object at fome determined difiance, it cannot 
immediately fee another object diftinctly; whe- 
ther it be at a greater or lefier diftance, it ap- 
pears confufed and imperfect, till the eye has 
adapted itfekf to the diftance at which the object 
is placed. 

Of the Pupil of the Eye , and of il's Motions . 

In fpeaking of the ftructure of the eye, we 
have fliewn that the uvea has a fmall round hole 
nearly in the middle, called the pupils through 
which the rays mull all pafs before they can get 
to the bottom of the eye, and paint the images 
of objects on the retina. The conlideration of 
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the various affe&ions of this part of the eye, will 
be found of great importance, both to the vender 
and purchafer of fpedtacles ; for upon the Hate 
and aperture of the pupil, the requifite degree 
of magnifying power very much depends. 

The author of nature has proportioned the 
magnitude of the pupil, fo that it may belt 
anfwer the purpofes of vifion, and the fenlibility 
of the retina : if it were too large, the retina 
would be fatigued, and hurt by the great quan- 
tity of light. Hence it is that thofe creatures 
.cannot bear the light of day, which, in order to 
fearch for and procure their food at night, have 
the pupil of their eyes very large. Further, if 
this aperture had been much larger than it really 
is, the eye would not have been a dark cell, and 
fo much adventitious light would have entered, 
as to render the pidture upon the retina obfeure 
and indiftindt : for as in the camera obfeura, the 
pictures are molt lively and perfect when all the 
light is excluded, but what comes from the ob- 
ject, and ferves to form the pidturej fo it is 
with our eyes ; the pidture on the retina is mod 
perfedk when all extraneous light is excluded, 
and none mixes with the pidture, but what tends 
to it’s formation. 
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On the other hand, if the pupil had been very 
fmall, it would not have admitted a fufficient 
quantity of light ; the impreffion on the retina 
would have been weak, and the picture faint and 
obfeure; when the pupil is very fmall, convex 
glafies are neceflary, in order to increafe the 
quantity of light. 

All animals have a power of contracting and 
dilating the pupil of their eyes. The natural 
ftate appears to be that of dilatation, and the 
contraction a Hate of violence, produced by an 
effort originating in the mind. When the lighp 
is too ftrong, or the objeCt too bright, we con- 
tract the pupil, to intercept that part of the 
light which would injure the eye; but when the 
light is weak, we dilate the pupil, that more 
light may enter the eye. If a perfon look to- 
wards the fun, you w ill obferve the pupil become 
exceeding fmall; but if he turns his eyes from 
the light, and be gradually brought into a dark 
place, you will obferve the pupil to dilate, in 
proportion as the light becomes more faint and 
obfeure. 

There are alfb other circumftances which will 
caufe the pupil to contract, as when the objeCt 
is nearer the eye than the limits of diffinCt vi- 
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(ion: for in this cafe, the pencils of rays pro- 
ceeding from the objeCt are too diverging to be 
united in correfponding points on the retina; but 
by contracting the pupil, many of the rays are 
excluded, and the picture is rendered more 
diltinft. It is for this purpofc, that many fliort- 
fighted perfons contract a habit of corrugating 
their eyebrows in reading, a habit which would 
be prevented by the ufe of concave fpcCtaclcs. 

Dr. Jurin has fhewn, that the contraction of 
the pupil does, in general, depend more upon the 
ftrength of the light, than on the fcnlation of 

ff 

confufion in the object. Let any perfon take a 
book by day-light, and ftand near the middle of 
a room, with his back to the light, and then 
hold the book fo near, that the letters may ap- 
pear indiftinCt, but not fo much fo, but that 
they may be read, though with difficulty; on 
turning towards the light, it will be read with 
more eafe. Again, holding the book at the fame 
diftance, go into the darkeft part of the room, 
and ftanding with your back to the light, you 
will find the book not at all legible; but on 
coming to the window, with your face to the 
light, you will be able to read with eafe and 
diftinCtnefs. A perfon who has ufed fpeCtacles 

for 
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for fomc years, will in the fun-fhine be able to 
read without them. 

When we have been for fome time in a place 
much illuminated, or if the eye has been too long 
expofcd ro a rcfplendent o£j eel, and then views 
objcdts that are lefs fo, or goes into a darker place, 
the fight will for a little time be impaired, and 
the eye unable to perform it’s pr per functions. 
The fame will alfo happen from the contrary 
circumftances, if we go from a faint light into 
one that is much brighter ; in either cafe the 
pupil has not time to conform itfclf to the fud-. 
den,* but neceflary change, for feeing diftincflly 
under the new circumftances. From hence we 
may infer, that very opake fhades round a can- 
dle, i|ifi:ead of preferving and protecfling the eye, 
mud be ncccflarily prejudicial to it. A mode- 
rate degree of opacity in the lhade, as that of 
thick paper, may, by Jcfiening the degree of 
light, be ufefui to eyes which are inflamed or 
have a tendency to inflammation. 

G 4 There 

* This is what Potterficld and fome others fay; but from 
other experiments, the pupil is never fo contra&ed as in the 
cafe of going fuddenly from a faint to a bright light: the 
contraction is inflantaneous. The effeCts, therefore, fpoken 
of above, mult be referred to the different Hates of the fen- 
fibility of the retina. 
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There is a kind of fympathy, or concord, in 
the motion of the pupils of both eyes, fo that 
when one is contracted, the other contracts alfo; 
when one is dilated, the other alfo dilates, though 
neither the dilatation nor contraction are equal. 
Many grofs overfights have arifen, and Tome 
dangerous miflakes have been made, by ocu lifts, 
according to Pottcrfield, from their not attending 
to this fundamental law concerning the pupil. 

From this expanding and contracting power of 
the eye, we may learn, why the eye fees beft 
when furrounded with darknefsj for the pupil, 
by dilating, accommodates itfelf as much as 
poiliuleto the quantity ot light, dilating confider- 
ably w hen the eye is in darknefs, and, ceteris 
paribus , objects are fecn moft clearly w-hen the 
pupil is moft dilated ; befidcs, w hen the eye is 
in the dark, the picture on the retina is neither 
confufed nor difturbed by adventitious rays ; 
hence, thofe who are in a very bright light, when 
they want to diftinguifh accurately a diftant ob- 
ject, either deprefs the eyebrows, or apply the 
hand to the forehead : hence alfo, a perfon, by 
placing himfelf in the dark, and employing a 
long tube, will form a fpecies of telefcope, pro- 
ducing a greater effeCt than might at firft be con- 
ceived : it was on this principle that the ancients 
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ufed a deep pit, in order to fee the liars in the 
day-time. From hence we alfo learn, why a 
perfon from within a chamber can perceive the 
obje&s that are without, while thofe that are out 
of doors cannot fee the objects that arc within: 
for when we are out of doors, the pupil is con- 
tracted, and only a fmall portion of the light that 
is reflected from the objeCts within the chamber, 
can pafs to the retina; while on the contrary, 
thofe within have the pupil more dilated, and 
the objects that are without are alfo more ftrongly 
illuminated ; belides which, their view of objeCts 
is not much obftruCted by the reflection of the 
window-glafs. 

It is furprizing how far the eye can accommo- 
date itfelf to darknefs, and make the belt of a 
gloomy fituation. When firft: taken from the 
light, and brought into a dark room, all things 
difappear; or if any thing is feen, it is only the 
remaining radiations that (till continue in the 
eye ; but after a very little time, the eye takes 
advantage of the fmallell ray, which is confirmed 
by the following curious account, related by Mr. 
Boyle. In the time of Charles the firft, there 
was a gentleman, who, (haring in his worthy 
mailer’s misfortunes, was forced abroad; at 
Madrid, in attempting to do his king a fignal 
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fervice, he failed; -in confequcnce of this, he was 
confined in a dark and difmal dungeon, into 
which the light never entered, and into which 
there was no opening but by a hole at the top, 
down which the keeper put his provifions, pre- 
fently doling it again. The unfortunate loyalift 
continued for fome weeks in this dark dungeon, 
quite difconfolate ; but, at laft, began to think 
he (aw fome glimmering of light: this dawn of 
light increafed from time to time, fo that he 
could not only difeover the parts of his bed, and 
fuch other large objects, but, at length, he could 
perceive the mice that frequented his dungeon, 
to eat the crumbs that fell upon the ground. 
When fet at liberty, he could not, for (bme days, 
venture to leave his cell, left the brightnefs of 
the light fliould blind him; but was obliged to 
accuftomhis eyes, by flow and gradual degrees, 
to the light of the day. 

Of imperfect Sight. 

There is no branch of fcience, of which it is 
more important that a general knowledge fliould 
be diffufed, than that part which treats of the 
various imperfections of light, and the remedies 
for them. To relieve an organ which is the 
fource of the moll refined pleafure, is certainly a 

defirablc 
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defirable object : to enable thofe who are in want 
of aSfiftance, to determine whether fpeClacles will 
be advantageous or detrimental, and what kind 
■will belt fuit their light ; and fo inftruCt thofe 
who already ufc glafies, that they may dilcover 
whether thofe they have chofen are adapted to the 
imperfection of their fight, or are fuch as will in- 
creafe their complaint, and weaken their eyes, 
are fubjccts vorthy the consideration of every 
individual, and confiitutc the principal bufineis 
of the remainder of this work : to this end we 
ihall, in the firft place, explain what we mean by 
an imperfection of fight. 

We here underfiand by imperfect fight, an 
abfolutc or relative debility of it, without any 
opacity, either in the cornea or other internal 
parts of the eye, and wiihout any difeafe of the 
retina or optic nerve. 

The fight is relatively imperfe<5t, when we can- 
not fee an object distinctly in a common light, 
and at all the ufual distances at which it is ob- 
ferved by an eye in a perfect State. 

In this fenfc, both the long and ihort-fighted 
are faid to have an imperfeft fight. The (hort- 
fighted fee diltant objects confufedly, thofe that 

are 



9 * 


Essay on Vision. 


are near at hand diftin<ftly ; their fight is there- 
fore defective with refpedl to diftant objedts : on 
the other hand, the long-fighted fee diftant objedls 
diftindtly, near objects confufedly. 

An imperfedt fight is occafioned by a confufion 
in the image formed upon the retina ; this hap- 
pens whenever all the rays that proceed from any 
one point of an objedt, are not united again in 
one, but fall on different points of the retina: or 
whenever fevcral pencils of light, from different 
points of an objedt, terminate upon one point of 
the image. This fpecies of confufion takes place 
both in long and fl 1 or t- lighted eyes. 

An imperfect fight differs from an amaurofis 
or gutta ferena; for in the latter the fight is en- 
tirely loft, and the pupil becomes immoveable ; 
though if one eye remain found, the pupil of the 
blind eye will be moved with the pupil of the 
found one; but if the found eye be fhut, the pupil 
of the blind eye will be deftitute of motion. 

Of old or long-filled Eyes. 

To detail thofe circumftances which are, in 
general, marks of advancing age, and always of 
partial infirmity, mud be ever unpleafant, and 
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-would be equally unnecefiary, if it were not the 
mean of leflening the inconveniences attendant 
onthofe ftages of life. 

By the long-fightcd, remote objedis are feen 
diftindtly, near ones confufedly ; and in propor- 
tion as this defedt incrcafcs, the nearer objedl* 
become more indiftindt, till at length it is found 
almofl impofliblc to read a common-fized print 
without afliftancc. An imperfedl and confufed 
image is formed upon the retina, becaufe the ray* 
of light that come from the feveral points of 
an objedl, at an ordinary di fiance, are not fuf- 
ficiently refracted, and therefore do not meet 
upon the retina, but beyond it. 

Various are the caufes w hich may occafionthis 
defedt j if the convexity of the cornea be leflened, 
or if cither fide of the cryftalline becomes flatter, 
this eflfedt will be produced; if the retina be not 
fufficiently removed from the cornea or cryftal- 
linc, or if the retina be too near the cornea or 
cryftalline, it will give rife to the fame defedt, 
as will alfo a lefs refradtive pow er in the pellucid 
parts of the eye ; in like manner, too great a 
proximity of the objedls, will prevent thfe rays 
from uniting till they are beyond the retina; 
but if all thefe caufes concur together, the effect 
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is greater. This defedt is, however, in general, 
attributed to a ihrinking of the humours of the 
eye, which caufes the cornea and cryftalline to 
lofe their original convexity, and to become 
flatter; the lame caufe will bring the retina too 
near the cornea. 

By one or other of thefe caules, thofe who w ere 
accuftomed in their youth to read a common 
lize print, at about twelve or fourteen inches 
diftance from their eyes, are obliged to remove 
the book to two or three feet before they can fee 
the letters diftindtly, and read with comfort. 
But in proportion as the objedt is removed from 
the eye, the image thereof on the retina becomes 
fmaller, and confequently fmall objedts will not 
always be perceivable at that diftance, to which 
thole in this ftate find it necefiary to remove 
them, in order to attain any degree of diftinct 
vifion : the further alfo the objedl is removed, 
the lefs light will enter the eye, and the image 
will, of courfc, be fainter. 

Hence, thofe who are long-lighted require 
more light to enable them to read, than they did 
while their eyes were in their pcrfefi: ftate ; and 
this not only becaufe they arc obliged to remove 
the book to a greater diftance, but becaufe the 
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pupil of their eye is fmaller, and therefore a 
greater intenfity of light is necefiary to produce 
afufficicnt imprelfion on the retina, and compen- 
fate for the defedt by a greater fplendor and illu- 
mination of the objedt. 

Increafing years have a natural tendency to 
bring on this defedl, and earlier among thole 
who have made the lead ufe of their eyes in 
their youth; but whatever care be taken of the 
fight, the decays of nature cannot be prevented: 
the humours of the eye will gradually wafte and 
decay, the refradtive coats will become flatter, 
and the other parts of the eye more rigid and 
lefs pliable; thus the latitude of didindt vifion 
will become contracted : it is alfo highly proba- 
ble, that the retina and optic nerve lofo a portion 
of their fenfibility. 

Though it is in the general courfo of nature, 
that this defedl Ihould augment with age, yet 
there are not wanting inftanccs of thofe who 
have recovered their fight at an advanced period, 
and have been able to lay afide their glafles, and 
read and write with pleafure, without any arti- 
ficial affifiance. Among many caufes vtfhich 
may produce this efieft, the mod probable is, 
that it generally arifes from a decay of the fat in 

the 
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the bottom of the orbit; the prefliire In this part 
creating, the eye expands into fomewhat of an 
oval form, and the retina is removed to a due 
focal diflance from the crytialline. 

It is a certain and very important fadl, that 
long-fightednefs may be acquired ; for country- 
men, Tailors, and thofe that are habituated to 
look at remote objects, are generally long-fighted, 
•want fpedlacles fooncti, and ufe the dcepell mag- 
nifiers ; on the other hand, the far greater part 
of the Ihort-fighted arc to be found among 
ftudents, and thofe arrifts who are daily conver- 
fant with fmall and near objedis; every man 
becoming expert in that kind of vifion, which is 
mod ufeful to him in his particular profcfiion 
and manner of life: thus the miniature painter, 
and engraver, fee very near objedis better than 
a failor; but the failor perceives ditiant objedis 
better than they do: the eye in both cafes endea- 
vouring to preferve that configuration to which 
it is mod accufiomcd. In the eyes, as well as 
other parts of the body, the mufcles, by condant 
exercile, are enabled to adl with more eafe and 
power, but are enfeebled by difufe; the eladic 
parts alfo, if they are kept too long dretched, 
lofe part of their eladicity; while on the other 
hand, if they be feldom excrcifcd, they grow diff, 

and 
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and are noteafily diftended. From the confide-* 
ration of thefe fadts, we may learn, in a great 
meafure, how* to preferve our eyes; by habitua- 
ting them occalionally to near as well as didant 
objects, we may maintain them longer in their 
perfect date, and be able to podpone the ule of 
Ipedtacies for many years ; but we may alfb in- 
fer from the fame premiles, that there is great 
danger, when the eyes are become long-fighted* 
af deferring too long the ufe of fpectacles, or 
ufing thofe that magnify too much, as we may 
by either method fo datten the eye, as to lofe 
entirely the benefits of naked vilion. It may 
not be improper in this place to remark, that 
the long-lighted eye is much more liable to be 
injured by too great a degree of light, than thole 
that are Ihort-fighted. 

Objedts that appear confufed to the long- 
lighted, will be rendered more didindt, if they 
view' them through a fin all hole, fuch as that 
made by a pin in a card, bccaufe it excludes 
thofe diverging rays which are the principal 
fource of condition ; but as it, at the fame time, 
intercepts a coniiderable portion of the light, it 
is by no means an adequate remedy. The bed 
relief they can obtain is from convex glades, 
for by thefe the rays of light that proceed from 
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the objeft, are fo refradlcd, as to fall upon the 
retina, in the fame manner as if they ifiTued from 
a diftant point. Spectacles afford two advan- 
tages, for they not only render the picture of 
objects diftinet upon the retina, but they alfo 
make it ftrong and lively. 

Of Spe Hades. 

The difeovery of optical inftruments may be 
efteemed among the molt noble, as well as among 
the moft ufefal gifts, which the Supreme Artift 
hath conferred on man. For all admirable as 
the eye came out of the hands of him who made 
it, yet he has permitted this organ to be more 
affifted by human contrivance, than any other 
of the animal frame, and that not only for the 
ufes and comforts of common life, but for the 
advancement of natural fcience; whether by 
giving form and proportion to the minute parts 
of bodies, that were imperceptible to the un- 
affifted light, or by contracting fpace, and as by 
magic art, bringing to view the grander objects 
of the univerfe, which were rendered inviffble 
by their immenfe diftance from us. * Noble as 
thefe* inventions are, the difeovery of fpeCtacIes 

may 
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may (till claim the fuperiority, as being of more 
univerfal benefit, and more exrenfive ufe. They 
reftore and preferve to us one of the mod noble 
and valuable of our fenfes ; they enable the me- 
chanic to continue his labour, and earn a fub- 
fidcnce by the work of his hand, till the extreme 
of old age. By their aid the fcholar purfues 
his dudies, and recreates his mind with intel- 
lectual plcafurcs, and thus pades away days and 
years with delight and fatisfaction, that might 
otherwife have been devoured by melancholy, or 
waded by idlenefs. 

As fpedlacles are defigned to remedy the de- 
fects of fight, it is natural to wifh, that the 
materials of which they are formed fhould be 
as perfect as the eye itfelf; but vain is the wifh, 
for the materials we ufe, like every thing human, 
are imperfect, and yet we may deem ourfelves 
happy, to have in glafs a fubditute lb analagous 
to the humours of the eye, a fubdance which 
gives new eyes to decrepid age, and enlarges the 
views of philolbphy. The two principal defefts 
are, fmall threads or veins in the glafs, and mi- 
nute fpecks. The threads arc mod prejudicial 
jto the purpofes of vifion, becaufethey refradt the 
rays of light irregularly, and thus didort the 
objedt, and fatigue the eye ; whereas the fpecks 

H 2 only 



lOO 


Essay on Vision. 


only leflen the quantity of light, and that in a 
very (mail degree. 

General Rules for the Choice of Spectacles. 

The mod general, and perhaps the bed rule 
that can be given, to thofe who are in want of 
afiidancc from glades, in order fo to choofe their 
fpectacles, that they may fuit the date of their 
eyes, is to prefer thofe which dew objects neared 
their natural date, neither enlarged nor dimi- 
niflsed, the glades being near the eye, and that 
give a blacknefs and diitinttnefs to the letters 
of a book, neither draining the eye, nor cauling 
any unnatural exertion of the pupil. 

For no fpetdaclcs can be faid to be properly 
across' moiiated to the eyes, which do not pro- 
cure ihem caie and red ; if they fatigue the eyes, 
we may safely conclude, cither that we have no 
eccaiiort for them, or that they are ill made, or 
not proportioned to our fight. 

Though, in the choice of fpctdacles, everyone 
mud finally determine for himfclf, which are 
the glaiie.s through which he obtains the mod 
dif >nct \ilion ; yet fome confidence Ihould be 
placed in the judgment of the artid, of whom 

they 
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they are purchafed, and Tome attention paid to 
his directions. By trying many fpe&acles the 
eye is fatigued, as the pupil varies in fize with 
every different glafs, and the eye endeavours to 
accommodate itfelf to every change that is pro- 
duced. Hence, the purchafer often fixes upon 
a pair of fpefctacics, not the beft adapted to 
his light, but thofc which feem to relieve him 
moll, w'hilc his eyes are in a forced and unna- 
tural Bate ; and confequently, when he gets 
home, and they are returned to their natural If ate, 
he finds what he had chofen, fatiguing and in- 
jurious to his fight. 

Of Prefervers, and Rules for tbe Prefervation 
of the Sight • 

Though it may be impoffible to prevent the 
abfolute decay of fight, whether arifing from age, 
partial difeafe, or illnefs, yet by prudence and 
good management, it’s natural failure may cer- 
tainly be retarded, and the general habit of the 
eyes ftrengthened, which good purpofes will be 
promoted by a proper attention to the following 
maxims. 

i. Never to fit for any length of time in ab- 
folute gloom, or expofed to a blaze of light. 
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The reafons on which this rule is founded, 
prove the impropriety of going haftily from one 
extreme to the other, w hether of darknefs or of 
light, and Ihew us, that a fouthern afpedt is 
improper for thofe whofe light is weak and 
tender. 

2. To avoid reading a fmall print. 

3. Not to read in the dulk ; nor, if the eyes 
be difordered, by candle-light. Happy thole 
who learn this lelion betimes, and begin to pre- 
lerve rr.eir light, before they are reminded by 
pain, of the neceflity of fparing them; the 
frivolous attention to a quarter of an hour of the 
evening, has coll numbers the perfect and com- 
fortable ufe of their eyes for many years ; the 
mifehief is effected imperceptibly, the conle- 
quenccs are inevitable. 

4. The eye Ihould not be permitted to dwell 
on glaring objects, more particularly on firll 
waking in a morning; the fun Ihould not of 
courfe be fuffered to Ihine in the room at that 
time, and a moderate quantity of light only be 
admitted. It is eafy to lee, that for the lame 
ireafons, the furniture of a bed Ihould be neither 
gltogepher of a white or red colour ; indeed, thole 

whofe 
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whole eyes are weak, would find confiderable 
advantage in having green for the furniture of 
their bed-chamber. Nature confirms the pro- 
priety of the advice given in this rule : for the 
light of the day comes on by flow degrees, and 
green is the univerfal colour (he prefents to our 
eyes. 

5. The long-fighted (hould accuftom them- 
felves to read with rather lefs light, and fomc- 
what nearer to the eye than what they naturally 
like ; while thofe that are lhort-fighted, fliould 
rather ufe themfelves to read with the book as 
far off as poffible. By this means, both would 
improve and ftrengthen their fight; while a 
contrary courfe will increafe it*s natural im- 
perfe< 5 tions. 

There is nothing which preferves the fight 
longer, than always ufing, both in reading and 
writing, that moderate degree of light which is 
belt fuited to the eye ; too little firains them, too 
great a quantity dazzles and confounds them. 
The eyes are lefs hurt by the want of light, than 
by the excefs of it ; too little light never does 
any harm, unlefs they are drained by efforts 10 
fee objects, to which the degree of light is in* 
adequate ; but too great a quantity has, by ir*s 
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own power, deftroyed the fight. Thus many 
have brought on thcmfelvcs a cataradt, by fre- 
quently looking at the fun, or a fire ; others have 
loft their fight, by being brought too fuddcnly 
from an extreme of darknefs into the blaze of 
day. How dangerous the looking upon bright 
luminous objedts is to the fight, is evident from 
it’s effedts in thofe countries which are covered 
the greater part of the year with fnow, where 
blindnefs is exceeding frequent, and where the 
traveller is obliged to cover his eyes w ith crape, 
to prevt nt the dangerous, and often fudden eflfedts 
of too much light: even the untutored favage 
tries to avoid the danger, by framing a little 
wooden cafe for his eyes, with only two narrow 
flits. A momentary gaze at the fun, will, for a 
time, unfit the eyes for vifion, and re/ider them 
infenfiblc to impreflions of a milder nature. 

The following cafes from a fmall tradt on 
the ** Fabric of the Eye ** are fo applicable to 
the prefent article, as to want no apology for 
their infertion here; though if any were necef- 
fary, the tife they will probably be of to thofe 
whofe complaints arife from the fame or fimilar 
caufcs, would, I prefume, be more than fuf- 
ficicnt. 


*• A lady 
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«« A lady from the country, coming to refide 
in St. James's- fqu arc, was afflicted with a pain 
in her eye, and a decay of light. She could not 
look upon the Hones, when the fun Ihone upon 
them, without great pain. This, which lhe 
thought was one of the fymptoms of her dis- 
order, was the real caufe of it. Her eyes, which 
had been accu Homed to the verdure of the coun- 
try, and the green of the pall u re grounds before 
her houfe, could not bear the violent and un- 
natural glare of light reflected from the Hones j 
flic was ad Vi led to place a number of fmall 
orange trees in the windows, fo that their tops 
might hide the pavement, and be in a line with 
the grafs. She recovered by this iimple change 
in the light, without the aflillance of any medi- 
cine ; though her eygs were before on the verge 
of little lefs than blindnefs.” 

" A gentleman of the law had his lodgings in 
Pall-mall, on the north-fide, his front windows 
were expofed to the full noon fun, w r hile the 
back room, having no opening, but into a fmall 
clofe yard, furrounded with high walls, was very 
dark ; he w rote in the back room, and ufed to 
come from that into the front to breakfaft, &c. 
his light grew weak, and he had a conflant pain 
in the balls of his eyes ; he tried vifual glafles, 

and 



Essay on Vision. 


106 

and fpokc with oculifts, equally in vain. Be. 
ing foon convinced, that the coming fuddenly 
out of his dufky ftudy, into the full blaze of 
fun-fhine, and that very often in the day, had 
been the real caufc of his diforder ; he took new 
lodgings, by which, and forbearing to write by 
candle-light, he was very foon cured.’* 

Blindnefs, or at leaft miferable w eaknefles of 
light, are often brought on by thcfe unfufpeCted 
caufes. Thofc who have weak eyes, ihould 
therefore be particularly attentive to fuch cir- 
cumftances, fince prevention is eafy, but the 
cure may be difficult, and fometimes impracti- 
cable, 

1 hope I ffiall not be thought to have ftepped 
improperly out of the line of my profellion, in 
recommending the following remedy, when a 
decay or weaknef> of fight comes on earlier than 
might reafonably be expected, and without any 
difeafe, or other apparent caufe ; if it does nor 
anfwer the purpofc, no ill w ill attend the uie of 
it. Put two ounces of rofemary leaves into a 
bottle, with a pint of brandy, (hake it once or 
twice a day; let this ft and three days, then (train 
it off ; mix a tea fpoonful of the clear tinfture 
y 'llh four j:ca fpoonlvils of warm w ater, and walh 

the 
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the infide of the eye with it every night, moving 
about the eye-lids, that fome of it may get per- 
fectly in between the lid and the eye. By de- 
grees put lefs and lefs water to the tinCture, till 
at length a tea fpoonful of each may be mixed 
for ufe. 

Whatfoever care, however, be taken, and 
though every precaution be attended to with 
fcrupulous cxaCtnefs ; yet as wc advance in years, 
the poweis of our frame gradually decay, an 
effect which is generally firft perceived in the 
organs of vifion. 

Age is, however, by no means an abfolute 
criterion, by which wc can decide upon the fight, 
nor will it prove the neccflity ot wearing fpec- 
tacles. For, on the one hand, there are many 
whofe fight is preferved in all it’s vigour, to an 
advanced old age ; while, on the other, it may 
be impaired in youth by a variety of caufes, or 
be vitiated by internal maladies; nor is the 
dcfeCt either the fame in different perfons of the 
fame age, or in the fame perfon at different ages; 
in fome the failure is natural, in others it is ac- 
quired. 


From 
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From whatever caufes this decay arifes, an 
attentive confideration of the following rules, 
•will enable every one to judge for himfelf, when 
his fight may be afiifted or preferved by the 
ufe of fpe£lacles. 

1. When we are obliged to remove fmall 
objects to a confiderable diftancc from the eye, 
in order to fee them diftin<5tly. 

2. If we find it neceflary to get more light 
than formerly ; as for inflance, to place the can- 
dle between the eye and the obje<5t. 

3. If on looking at, and attentively confidcr- 
ing a near obje&, it becomes confufed, and ap- 
pears to have a kind of mift before it. 

4. When the letters of a book run one into 
the other, and hence appear double and treble. 

5. If the eyes are fo fatigued by a little exer- 
cife, that we are obliged to Ihut them from time 
to time, and relieve them by looking at different 
objects. 

When all thefe circumftances concur, or any 
of them feparatcly take place, it will be neceflary 

to 
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to feck afliftance from glafies, which will now 
eafe the eyes, and in fome degree check their 
tendency to grow flatter ; whereas if they be not 
a flifted in time, the flatnefs w ill be conliderably 
increafed, and the eyes be weakened by the 
efforts they are compelled to exert. 

Wc arc now able to decide upon a very im- 
portant queftion, and fay how far (pedtacles may 
be faid to be prefervers of the fight. It is plain 
they can only be recommended as fuch, to thole 
whole eyes are beginning to fail ; and it would 
be asabfurd, to advife the ufe of fpedtacles to 
thofe who feci none of the foregoing inconve- 
niences, as it would be for a man in health to 
ufc crutches to fave his legs. But thole who 
feel thofe inconveniences, Ihould immediately 
take to fpecftacles, which, by enabling them 
to fee objects nearer, and by facilitating the 
union of the rays of light on the retina, will fup- 
port and preferve the light. 

When the eye fenfibly flattens, all delay is 
dangerous ; and the longer thofe who feel the 
want of afliftance, deter the ufc of fpe<5lacles, the 
more they will inercaie the failure of the eye; 
there arc too many who procraftinate the ule of 
them, till at laft they arc obliged to ule glafles 

of 
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of ten or twelve inches focus, indead of thofe of 
36 or 40, which would otherwife have fuited 
them ; thus preferring a real evil, to avoid one 
that is imaginary. Mr. Thomin mentions feve- 
xal deplorable cafes of this kind, particularly one 
of a lady, who, through falfe fhame, had ab- 
ftained from wearing fpedtacles fo long a time, 
that at laft it was impolTible to fuit her, but with 
thole adapted to eyes that have been couched. 
Whereas the indances are numerous of thole 
who, by udng glades of a long focus at the firft 
approaches of long-fightednefs, have brought 
back their eyes to their natural light, and been 
able to lay alide their fpedtacles for years. 

Thele conliderations point out clearly the ad- 
vantages that may be obtained by a proper 
choice of Ipc&acles on fird wearing them, and 
the importance of making fuch a choice ; as the 
eye will endeavour to conform itfelf to any im- 
proper focus, and thus be brought into a date of 
extreme age, at a much earlier period than would 
have happened, had they been fuited with judg- 
ment. There are very few opticians but what 
mud have feen indances of thofe, who, by 
habituating their eyes to too Ihort a focus, or 
too great a magnifying power, have lo injured 
thofe tender organs, as to deprive them of future 
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afli dance from glafles. This frequently happens 
to thofe who purchafe their fpedtaclcs of haw- 
kers and pedlars, men equally ignorant of the 
(cicnce of optics, and the fabric of the eye. 

Let it, therefore, be carefully remembered, 
that magnifying power is not the point that is 
mod to be confidered in the choice of fpeciacles* 
but their conformity to our fight, their enabling 
us to (ee diftindlly, and with eafe, at the didancc 
we were accudomed to read or work, before the 
ufe of fpe<dacles became nccefiary : or, in other 
words, glafles fliould fo alter the difpofition of 
the rays, at their entrance into the eyes, as will 
be mod fuitable to procure diftind: vifion at a 
proper didance ; an end of the highed import, 
as in this refpcd it places the aged nearly on a 
level with the young, and enables him to read a 
common print with eafe, at a period when, 
without aflidance, he could hardly difiinguifli 
one letter from another. 

In proportion as the eye flattens, glafles of 
greater convexity are to be ufed ; but dill we 
fliould be careful not to go too far : for if they 
magnify too much, they will fatigue the eye. 
The mod certain criterion of their being too old 
for the adlual date of the fight, is our being 
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obliged to bring the objedls we look at through 
them, nearer the eye than the common di fiance 
of diftindt vifion. All glafles that caufe us to 
depart much on either fide from the limits of 
diftindt vifion, may be confidercd as ill adapted, 
and prejudicial to the fight. 

Thofe who are careful in following a regular 
gradation, may preferve their eyes to the lateft 
period of old age, and even then be able to enjoy 
the comloiis and pleafures that arife from diftindt 
vifion. Do not, therefore, precipitate thefe 
changes, left you fhould abforb too foon the re- 
iburces of art, and not be able to find fpcdtacles 
of fufficicnt power to relieve the eye. One pre- 
caution more is leceflary : by no means put on 
any fpedtacles but your own ; for taking up, and 
wearing glafles' different from thofe to which 
your eye is accommodated, has the fame ill effedt 
as trying a variety at an optician’s fhop ; this va- 
riety fatigues and diflurbs the fight; all irregula- 
rity is injurious, and much of the prefervation of 
the fight depends upon keeping it uniform, as 
well with regard to the glafles, as the degrees of 
light. 

There are many who find the effedl of candle- 
light fo different from the purer light of day, 

that 
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that they arc obliged to ufe fpedtacles by night, 
though they can do very well without them in 
the day. Thefe, when the eye has become more 
flat, will find it advifeable to have two pair of 
fpedtacles, one to ufe by day, the other, magni- 
fying fomewhat more, appropriated for the night; 
by this means, nearly the fame quantity of light 
may be brought to adt upon the retina at one 
time as the other; thus the eyes will be lels fa- 
tigued, and longer maintain their natural vigour. 

Of Vifual SpeRacles. 

The natural dcfire of men in trade to increale 
their bufinels, and extend their fame, has in 
many inftances been the origin of alterations and 
inventions, injurious to fcience, and detrimental 
to the public. It is a delire, to which all in trade 
are, from their lituation, expofed; and from 
which, it may be prefumed, no one is exempt. 

To this defire we may, with propriety, im- 
pute the invention of vifual fpedtacles; and as 
pretences are feldom wanting to juftify that which 
intereft adopts, the inventor endeavoured, by 
Ipecious reafons, to attradt the attention of thole 
who were not to be captivated by mere novelty. 
But the good fenfe of the world, which always, 
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in the long run, juftly appreciates the value of 
every invention, now leaves vifual fpeftacles to 
the negle<5t they merit ; they are worn by few, 
but thofe who, from long habit, have accuftomed 
their eyes to thefe pernicious (hades. 

Among the rcafons adduced by the inventor, 
the following is that upon which the greatcft ftrefs 
was laid, namely, that as in telefcopes, micro- 
fcopes, &c. we are obliged, by proper apertures, 
to cut off thofe extraneous rays which tend to 
render the image confufed ; fo, in the fame man- 
ner, the quantity of light fliould be adjufted in 
fpe&acles. To this it was then anfwered, that 
the cafes were by no means analagous, and if they 
were, the reafon alledgcd would operate againft 
the ufe of vifual glades ; for as all lenfes bear an 
aperture proportional to their focal length, a lens 
of five inches focus, which is one of the (horteft 
in general ufe, would bear a much larger aperture 
than the diameter of any fpcdtacle eye; but there 
was furely no need of apertures to glades, applied 
dofe to the eye, whofe pupil is formed by nature 
to adapt itfelf to every degree of light ; and we 
fhould in all cafes, leave the eyes as much as 
podjble to their own exertions and uniform 
mode of a&ing. Conddered as a (hade or fereen, 
the horn rims of the vifual glades are imperfe<5t 

and 
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arid detrimental, they are alfo inconvenient in 
ufe 5 for if the line to be read is long, the head 
mud be in continual motion, to fee the words, 
which are obdruCted by the opake rim j to thefe, 
and many other reafons which might be ad- 
duced, we may add the proofs derived from ex- 
perience and obfervation; by thefe I am fully 
convinced, that they are injurious to the eye, and 
that in general thofe who wear them, ufe glades 
of a (horter focus than thofe who wear the com- 
mon fort. 

If from the weaknefs of the eye a (hade be 
neceirary, let it be fuch a one as is pointed out 
by nature: fhe teaches us, that thofe whole eyes 
are deepfet, have the cleared and dronged fight; 
and that whenever we find the light too drong 
we pull down our eye-brows, and if this be not 
fufficient, put our hand over our eyes ; by this 
we are indru&ed, that the bed form for a (hade 
is one fitted to the forehead, and projecting from 
it 2 or 3 inches. 

It may not be improper in this place to (ay 
a word or two refpeCting (hades or fereens for 
candles. I am clearly of opinion, that all opake 
lhades are detrimental to the eye, as well from 
the very irregular reflections of the light, from 
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the paint on the infide of them, as from the vaft 
contrail into which the eye is thrown, when it 
removes from the reflected light, that is, from 
an extreme of brightnefs to gloominefs and ob- 
feurity. In the place of thefc, I would recom- 
mend a conical jfhade of white paper, moderately 
thick; this will throw a ftrong fteady light down 
on the book, &c. it will preferve the eye from 
the luminous brightnefs and glare of the can- 
dle, and not darken the room too much. Here 
I cannot refrain from obferving, that the clear 
white light of Argand’s lamps muft be very pre- 
judicial to the fight ; there are purpofes to which 
they may be applied with advantage, but then 
it fhould be where their light is modified before 
it reaches the eye. 

Of Spectacles with coloured GlaJJes. 

It may be more difficult to decide upon the 
merit of fpeflacles with coloured glafs, than 
of thole with vifuals ; yet upon the whole, 
there is reafon to think, that they are rather of 
dif-fcrvice than of any ufe to the eye, and that 
the grounds upon which it has been fuppofed 
thafthey would be advantageous to the fight, arc 
weak and fallacious. 
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Green glaftes have been recommended on two 
accounts, fir ft, becaufe green is univerfally allow- 
ed to be one of the pleafanteft colours we look at, 
and is found to ftrengthen, comfort, and preferve 
the fight : fecondly, as they are fuppofed to 
weaken the imprefiion of the rays of light on the 
retina, and therefore to be well adapted to thofe 
whofe eyes are weak and tender. 

To the firft reafon, it may be fufficient to an- 
fwer, that though green is a pleafant colour to 
look at, it is by no means fo to look through; 
for all objects, w hen viewed through green glafs, 
appear of a muddy yellow, tinged by a gloomy 
green ; they arc, however, not only unpleafant, 
but there are circumftances attending the ufe of 
them, which make it highly probable, that they 
are prejudicial to the fight, and have not the ten- 
dency which is generally attributed to them, of 
leifening the action of the rays of light on the 
eye. 

After looking at the fun for a fhort time, fhut 
your eyes, and you will, for fome time after they 
have been fhut, continue to fee his image; but 
it’s brightnefs will gradually diminifh, aftiiming, 
fucceffively, colours lefs and lefs bright and 
lively, being firft red, afterwards yellow, then 
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green, blue, and laftly, violet; now thefc colour# 
are attributed to the violent agitation excited in 
the retina, by the rays of light ; the re-a£lion and 
vibrations produce the fenfation of colour, the 
ftrongefl thofe of red, the weaker thofe of yellow, 
&c. Something very fimilar to this happens to 
moll people, on their firfl wearing green glafles, 
for on taking them off, they generally find white 
objedts tinged with red ; a clear and fufficient 
proof, that they are not favourable to the eye. 

Further, unlefs they are continually wore, the 
contrail between the objedb feen through them, 
and feen without them, mull be difadvantageous 
in it's effects ; as contrary to that uniformity, 
which we have already obferved, to be lb necef- 
fa ry to the prefervation of the eyes. 

But there is a Hill greater inconvenience ; the 
eye, by conftant ufe, fo habituates itfelf to them, 
as not to be able to fee with eafe in fpedtacles of 
another colour : now as the eye grows flatter, it 
wants glafles of a greater convexity; but as the 
convexity increafes, the green glafles become 
more opake, and thus lefs fit for vifion, affording 
leaft ufliflance when the eye wants it moil. 
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Though the effedts of time are the certain and 
inevitable portion of all, who live to an ad- 
vanced age, and are neither to be retarded by 
riches, nor prevented by wifdom ; yet fuch arc 
the weaknefics of the human mind, and fuch the 
partialities of felf-love, that we all endeavour to 
conceal, from ourfelves and others, the ap- 
proaches of age ; and no one likes to appear as 
haftening to that bourne from which none have 
returned. 

Thcfe propenfities give rile to a variety of 
artifices, by which each individual endeavours to 
hide from himfelf and others, what no artifice 
can conceal, and which every one can difeover, 
in all but himfelf ; but then, thefe endeavours 
often contribute to haften the evils they are 
meant to conceal. Opticians have daily expe- 
rience of the truth of thefe obfervations, and they 
are in no infiance more fully verified, than in the 
preference given by many to reading-giafies, 
(under whatever pretext it may be covered,) 
merely becaufe they think, that the decay of their 

I 4 fight. 
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light, and their advances in age, are lefs con- 
fpicuous by tiling a reading-glafs than fpec- 
tacles. 

It is evident, that the axes of the eyes ought 
not in any cafe to be llrained, but that they 
Ihould be left at liberty, to follow the diredtion 
they receive from the mufcles of the eye; but 
this is not the cafe when a reading-glafs is uled ; 
for the eyes, in endeavouring to fee by it, are con- 
liderably llrained, and in a fhort time much 
fatigued : but there is another objedlion to the 
life of reading-glafies, which arifes from the un- 
fleadinefs of the hand, and the motion of the 
head, which occalion a perpetual motion of the 
glafles, for the eye endeavours to conform itfelf 
to each change, and this tender organ is thereby 
kept in continual agitation: to thefe evils we 
may add, the dazzling glare and irregular reflec- 
tion from the furface of the glafs, which fo wea- 
ken the eyes, that thofe who accuftom themlelves 
to a reading-glafs, are in a Ihort time obliged to 
take to fpeclacles, and to ufe them much older 
than they other wife would have done. 

To this it may be added, that Ipedlacles are 
preferable, not only as more conformable to the 
nature and adtion of the eye, but they are alfo 

more 
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more convenient ; the fpace between the face and 
the objcdfc is left open and free, and they arc 
moved infenfibly by the natural motion of the 
head ; they alfo (hew objects more clear and 
more diftindfc than a broad lens, becaufe their 
glafles are thinner, and placed exadtly before 
each eye. 

To obviate fome of thele inconveniences, my 
father contrived a kind of fubftitute for lpec- 
tacles, which are convenient for looking at any 
occafional objedl, and not injurious to the eyes; 
this kind is reprefented at fig. 8 . In thele. 
both eyes are ufed at once, without any effort; 
by being held near the eye, the irregular reflec- 
tions are avoided, and they are at the fame time 
rendered Heady, by a flight preflure of the mid- 
dle bar on the nofe. 

7‘o fait a given Eye with proper Spectacles t or to 
enable a given Eye to fee difiinCily at a certain 
E)i fiance. 

For this purpofe, a rule is delivered by optical 
writers, which, though it is good in theory, is 
liable to fcveral exceptions in practice, particu- 
larly as by exactly adhering to it, they would 
generally choofe glafles of too great a magnifying 

power; 
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power; but as notwithftanding this defeat, the 
data it requires may give ufcful information to 
the optician, for furnifhing glafies to thofe who 
live in the country, we fliaJl infert it here. 

Rule. 

To find a convex lens fuited to a long-lighted 
eye, multiply the difiance at which the perfon 
fees diftindlly, by the difiance at which it is 
dciirable he lhould fee with the fpecfiacles, and 
divide the product, by the difference between the 
two aforcfaid diftances, the refult is the focus 
required. 

1 Thole who, uling fpe<fiacles, live at a difiance 
from town, and think thofe they have are not 
accommodated to their fight, may receive in- 
formation whether they can be better fuited or 
not, by fending any lkilful optician the focus of 
the glafies in their fpedtacles, and the difiance at 
which with them they can read a fmail print. 

To find the focus of a convex lens, or Ipectacle 
eye, firft by the fun’s image,- place the lens, lb 
that it’s axis may be toward the fun; then hold- 
ing a paper behind it, the burning point or 
where the fun’s image is fmalleft, and where the 

limb. 
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limb is moft diftindl, is the focus of the lens, and 
the diftance from this point to the lens is the 
diftance required. 

Or, fecondly, fix a piece of paper on the fide of 
a room, exadtly facing a window, and remove 
the lens from this, till the images of the moft 
diftant objects out of doors are diftindt, then the 
diftance between the lens and the paper is the 
required focal length : the images will be brighter 
the lefs the quantity of light is admitted into the 
room, except what is diredtly oppofed to the 
lens. 

The foregoing methods are fufficiently ac- 
curate for common fpcdtacles and reading-glafles, 
but not for lenfes of a long focus. 

Of Couched Eyes . 

With the difeafes of the eye, this fmall eflay 
has no concern ; they have been already well and 
ably confidcred by profeflional men; and it is 
fcarce necefiary to obferve, that in anatomical 
knowledge, and in the practical operations of 
furgery, England now claims a juft pre-eminence 
over other nations. 


But 
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But among the various difeafes of this organ, 
there is one in which, after the furgeon has 
quitted the patient, glaffcs are neccilary, to give 
effect to the operation, and a comfortable fight of 
objcdls to the perfon relieved. This difeafe is 
the cataract, a diforder affecting the cryftalline 
humour of the eye; when the opacity is con- 
firmed, this humour becomes fo opake, as fcarcely 
to admit any rays of light, and prevents their 
producing their ordinary effedts, and confequent- 
ly no image of any object is formed, though the 
retina, and other organs of fight, arc in perfc<5t 
order. There is no diforder more deplorable in 
it’s nature and confcquences; deftrudtive of the 
fight, often beyond the reach of remedy: the 
hand of the operator is the only hope, and his 
efforts are fometimes unfuccefsful. 

The caufe of this diforder is fcldom known. 
Sometimes it has been thought to be brought on 
by frequent infpedtion of the fun, and fometimes 
by looking too long and too often at a bright 
fire. In early fiages of the difeafe it has been 
thought to be removed by medicine.* Of the 

various 

* Baron de Wenzel, in his Trcatife on the Catara£t, de- 
nies that any medicine has power to diftipate the opake 
cryftalline. Mr. Ware, in his Uanflation of this work, 

aflents 
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various remedies that have been ufed for this pur- 
pofe, the electrical ft ream is fuppofed by many 
to be the beft, on account of it’s powerful di£» 
cutient properties. 

The afliftance the eye receives from the fur- 
geon is either by a depreflion of the cryftalline 

below 

aflents to the truth of the Baron’s observation, fo far as is 
at prefent known ; but adds, that many cafes have occurred, 
under his own infpeflion, which prove that the powers of 
nature are often fuf&cicnt for this purpofe. Thofe opacities 
in particular which arc produced by external violence, he has 
repeatedly fecn diflipated in a fhort fpacc of time, when no 
other parts of the eye have been hurt ; and in general, in 
cafes of this defeription, the cryftalline humour has been 
diffolved ; which has been demonftrated, bv the benefit the 
patient has afterwards derived from adopting the ufe of 
deeply convex glafles. Mr. Ware adds, that in (lances are 
not wanting, in which cataratls, which were formed with- 
out any violence, have been fuddenly diflipated, in confe- 
quence of an accidental blow on the eye. For thefe rea- 
fons he entertains a hope, that meins may hereafter be 
difeovered, by which an opake cryftalline may be rendered 
tranfparent, without the performance of any operation 
whatever. The remedies which have appeared to Mr. 
Ware more effectual than others, in thefe cafes, have been 
the application to the eye itfelf of one or two drops of aether, 
once or twice in the courfe of the day, and the ocdhfional 
nibbing of the eye over the lid, with the point of the fin- 
ger, firft moiftened with a weak volatile or mercurial 
liniment. See Ware's tranflation of Wenzel's Treatife on 
the Cataraft, page 13. 



126 Essay on Vision. 

below the pupil, or extra&ing the cataradh But 
as the denlity of the vitreous humour, which 
fupplies the place of the cryftalline, is lefs, the 
rays of light will be lefs refradled, and not meet 
at the retina, but at fome diftance behind it ; the 
fight will therefore be imperfcdt, except the eye 
be aflifted with a proper convex glafs. There is 
a circumftancc attending couched eyes, which 
fully evinces that the change made in our eyes, 
to accommodate them to the diftances of ob- 
jects, mull be principally attributed to the cryf- 
talline humour; namely, that one focus is feldom 
fufficient to enable thofe who have undergone 
this operation, to fee objects at different dif- 
tances. They generally require two pair of 
fpe (Stacies, one for near, the other for more dif- 
tant objects. The foci that are ufed lie between 
6 and 1 1 inches. 

l’t is not advifeable to ufe glaflcs too fbon after 
the operation; for while the eyes arc in a de- 
bilitated (late, all exertions are not only impro- 
per, but alfo very prejudicial. 

Of the Short-fghtcd. 

In this defedt of the eyes, the images ofobjedis 
at an ordinary diftance unite before they arrive 

at 
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at the retina, and confequently the images formed 
thereon are confufed and indiftindt. This effedfc 
is produced either by too great a convexity in the 
cornea and cryftalline, or too great a refradtive 
power in the humours of the eye; or the retina 
may be placed too far; or it may arife from a 
concurrence of all thcfe circumftances. 

Thofc who are fhort-fighted can diftinguifh 
fmaller objedls, and fee clearly a given fmali ob- 
jccl with lefs light than other people 5 the reafon 
is evident, for the nearer the object is, the more 
light enters the pupil ; being alfo more denfe, 
it’s action is more powerful on the retina ; 
hence the fhort-fighted can read a fmali print 
by moon-fhine, or in the twilight, when a com- 
mon eye can fcarce diftinguifh one letter from 
another. 

In a ftrong light they can fee a little farther 
than they do when it is weak; the ftrength of the 
light caufes the pupil of their eyes to contradt, 
and thus removes in fome degree the indiftindt-* 
nefs of the objedts. Upon the fame principle we 
may account for the fhort-fighted fo often partly 
Ihutting their eyelids, from whence they, were 
fanitcriy denominated myopes by this means, 
they o fine the bales of the pencils of rays 

which 
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-which ifliie from the points of an objedl, and thus 
contract the circle of diffipation, and lcflen the 
indiftindtnefs of vifion: hence they alfo fee ob- 
jects more diftindtly through a fmall hole, as that 
made by a pin in a card. 

It is a common obfervation, that the fhort- 
lighted do in general prefer a fmall print to a 
large one, and that they ufually write a fmall 
hand; for by the proximity the letters are mag- 
nified, and, being fmall, they take in a greater 
number at one view; they hold the book they 
are reading in generally inclined to one fide, in 
order to attain a greater degree of illumination. 
As they can only fee diftindtly objects that are 
near, they arc obliged, by a ftrong effort of the 
mind, to caufe the axes of the eyes to converge; 
this effort being painful, forces them often to 
turn away one of their eyes, which producing 
double vilion, they are obliged to fhut it. When 
they hold a book directly before their eyes, the 
pidture will fall upon the middle of the retina, 
.but if they hold it obliquely it vw ill fall upon the 
fide of the retina; now the middle of the retina 
is further from the fore part of the eye than the 
fide of it is. Therefore though the pidture be 
fo near to the fore part of the eye as to be con- 

fufed 
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fufed if it fall upon the middle, it may be dif- 
tincft when it falls upon the fide. 

As thole who are very fhort-fighted do not 
perceive the motion of the eyes and features, they 
feldomlook attentively at thofe with whom they 
are converting : it is from this circumftance that 
Pliny terms the prominent-^eyed bebetiores : not 
that this defedi in fight impairs genius, or leflens 
the powers of the mind ; but as it deprives them 
of the rapid communications that are made by 
the eye, it apparently lefiens that vivacity of con- 
ception, which always accompanies a vigorous 
mind. 

Happily for the (hort -lighted, the principal 
inconveniences of their fight may be remedied by 
the ufe of concave glafies; by their afliftance, 
thole whofe fphere of diftindfc vifion fcarce ex- 
tended beyond their arm, are enabled to difiin- 
guifh, very fatisfadtorily, objedts at a conliderable 
difiance; the concave lens produces diftindt 
vifion, bycaufing the rays to diverge more, and 
unite at the retina, infteadof meeting before they 
reach the bottom of the eye* 

In the choice of glafies for the Ihort-fighted, 
no rules can be laid down ; it is a defedt that has 
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no connexion with age, no fiated progreffion 
that can be a foundation to guide the optician, or 
lead him to recommend one glafs in preference to 
another ; the whole muft depend on the obferva- 
tion of the fhort-fighted themfelves, who, by 
trying glafles of different degrees of concavity, 
will (bon find out that whofe effedts arc moil ad- 
vantageous, producing difiindt vifion at different 
difiances. 

If the (hort-fighted perfbn is fb far removed 
from an optician, as not to have an opportunity 
of trying a variety of lenfes, he may be nearly 
fuited, by fending to him the greateft difiance 
at which, with his naked eye, he can fee dif- 
tindtly ; he will, by the following rule, be enabled 
to fuit him with tolerable exadtnefs. 

Multiply the difiance at which the fhort- 
fighted perfon fees diftindtly with his naked eye, 
by the difiance at w'hich it is required he fhould 
fee diftindtly by a concave glafs, and divide the 
produdt by the difference betw'een the afbrefaid 
difiances : if the required difiance be very remote, 
the glafles muft be of that radius at which they 
fee'diftindlly with their naked eyes. 

The benefit the fiiort-fighted receive from 


concave 
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concave glades, is not fo great as the long-lighted 
find by a convex lens ; for an object is not only 
magnified, but the eye receives alio a larger pen- 
cil of light from each vilible point, bccaufe the 
rays enter left diverging : whereas the concave 
not only diminilhes the obje< 5 t in fize, but it 
leffens alfo the quantity of light, as it renders the 
rays more diverging ; confequently the fhort- 
iighted do not fee remote obje&s, unlefs they are 
very large and bright, fo well through a concave 
lens as theory promifes : for the chief impedi- 
ment to a diftinct view of remote objects, is their 
want of light and magnitude, but both of thefe 
a concave lens increafes. 

It is generally fuppofed, that the fhort-fighted 
become lefs fo as they advance in years, as the 
natural fhrinking and decay in the humours of 
the eye leflen it’s convexity, and thus adapt it 
better for viewing of dill ant objecfls : but among 
the great number of fhort-fighted that I haveacr 
commodated with glades, I have ever found the 
reverfc of this theory to be true, and the eyes of 
the myopes never required glades lefs concave^ 
but generally more concave as they grew older* 
to enable them to fee at the fame diftance. 

Further, the effc&s of habit, which are in mod; 

K 2 cafes 
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cafes very powerful, but peculiarly fo in the af- 
fections -of the eye, have a natural tendency to in- 
creafe the defect of the myopes, for by frequently 
looking clofe to objects, in order to fee them 
diftinctly, they W'ould make themfelvcs near- 
lighted, though their eyes were naturally the 
reverfe; hence we often find, that watch-makers, 
engravers, and ftudious perfons, often bring on 
this defeat. By reading or working at as great a 
diftance as pofiible, and often looking at remote 
objects, the degree of Ihort-fightednefs may be 
much lefiened. As children in general read 
tnnch nearer than grown perfons, if they are fufi- 
fercd to indulge this propcnlity, they become 
naturally fliort-fighted. 

I have found it neccflary, in fome infiances, to 
give convex glafies to the Ihort-fightcd, when 
very far advanced in age, not bccaufe their eyes 
were grown lefs convex, but to give them more 
light, and counteract an extreme contraction of 
the pupil. 

Great as are the difadvantages of the Ihort- 
fightcd, they are lcfs^perh^ps, with refpcct to dis- 
tant objects, than is generally imagined; they 
fee the brighter (tars and planets, nearly as well 
as other people. They arc prevented indeed 

from 
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from diftinguifhing beyond a certain fmall dis- 
tance, the fmall parts of an obje<5l which are very 
vifible to another; thus they cannot diftinguifh 
the features of a face acrofs a room, and as obje»5ls 
are generally diferiminated by their minuter 
parts, their difadvantage in viewing objects at a 
moderate di (lance is very evident. But though 
Such a perfon cannot difeern the minutiae of ob- 
jects, unlefs they are very large and very near 
him; yet he can perceive any object inthegrofs, 
at a confidcrable diftance, if it be not too fmall : 
thus he may perceive a man at the diftance of 
feveral paces, but mud advance within one or 
two, betbre he can determine who he is, or call 
him by his name; he will lee a large tree much 
further, and from experience in fuch cafes, will 
perceive, that a large obfeure object at a great 
diftance is an houfe, to the furprize of his friends 
who are acquainted with the nature of his fight. 
On thefe principles, we may cafily account for 
the apparent paradox of the pur-blind, or thofe 
who can fcarccly fee a fmall obje<5l at arm’s length 
yet difeovering thofe that are very remote. 

Of a Crepufcular or ^Twilight Blindncfs • 

Thofe that are affli&ed with this complaint, 
have their fight dull and confufcd in the even- 
ly 3 in S 
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ing and morning, difcerning objects very im- 
perfectly at the fame time and place: while 
thofe who arc blcffed with perfect viiion, fee 
them diftinCtly. 

Many years ago, this diforder was epidemical 
in the neighbourhood of Montpellier, efpecially 
in towns contiguous to a river, and among the 
foldiers doing duty as centinels, txpofed to the 
damps and fogs of the night feafon ; and it was 
judged to proceed from a fuperfluous ferum in 
the mafs of blood, which affedled and relaxed 
the organs of vifion ; the pupil of the eye was 
much dilated, and the fenfibility of the retina 
leflened. 

Boerhaave mentions a variety of this diforder, 
which arofc from an immoveable ltruclure of 
the pupil; it did not, like the other, give way 
to medicine ; it is probable, that in both cafes, 
eledtricity would be of great ufe. 

Of Meridian Blindnefs , 

Thofe who are afflidted with this diforder, can 
difcern objedts in the night, but are unable to 
difiinguifh them in the day-time. 


Boerhaavfc 
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Boerhaave enumerates two varieties of this 
diforder. The firft proceeds from an opake 
round fpot; or partial cataraft in the middle of 
the cryftalline, exadtly behind, but fomewhat 
fmaller than the pupil ; during the day, the pupil 
is fo contracted as to admit no rays of light, but 
what fall upon the opake fpot, which, therefore, 
prevents the formation of any image upon the 
retina; but in the evening, the pupil is fo di- 
lated, as to permit fuch a quantity of light as 
will anfwer the purpofes of vifion. 

This variety may be removed by the ele&ric 
fluid ; or if that does not fucceed, by the couch- 
ing needle. 

The fecond variety arifes from fo extreme a 
fenfibility of the retina, that it entirely clofes 
the pupil of the eye; this fpecies generally yields 
to antiphlogiftic remedies. 


Of an abfohte Dulnefs of Sight . 

This kind of fight has been generally con- 
founded with long-fightednefs, but has lately 
been ranked, by fome anatomical writers, under 
a diftinft head. 

K 4 Both 
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Both the (hort and long-fighted, in certain 
portions, and at certain diftances, fee objedts 
diftindtly, and their fight is not confufed but re- 
latively, with rcfpefl to other diflances, pofitions, 
and times; but in the affection of the eye now 
under confideration, there is an abfolute dulncfs 
of fight, in all places, at all times, and in all 
fituations. 

It feems to depend on a want of fenfibility in 
the retina, and happens more efpecially to thofe 
who have abufed their eyes ; it is a difeafe to 
which, by common people, a variety of caufes 
are afligned. 

The principal fymptoms are frequent varia- 
tions in the boundaries of diftinCt vifion; objects, 
when attentively confidered, appear confuted, the 
characters of books feem to be doubled, moved, 
and decuTated , the eyes being foon fatigued, they 
are freq .ently obliged to rub and (hut them, 
and the pupil is fcarcely moveable, even on a 
fudden tranfition from darknefs to light. 

Various are the remedies preferibed by oculifls 
for this diforder, fome praifing fpirituous refol*- 
vents, while others extol cold water ; but all agree 
in recommending the ufe of fpedtacles, with doq- 

ble 
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ble convex glafles ; for as by thele more rays of 
light are collected, and a ftronger imprelEoit 
made on the retina, a coniiderable degree ofdi&r 
tin&nefs is promoted. 

Electricity has been recommended with fuc- 
cefs, the eye has been in part reflored, and thc„ 
pupil recovered it’s power of contracting and 
dilating.* 

Among 

* The following cafe, which fully evinces the powersof 
elcttricity in difeafes of the eye, was communicated to me 
by my very ingenious friend, John Birch, Efq. furgeon of 
St. Thomas's hofpital. 

In the year 1786, Ann Bone, aged 57, was admitted into 
St. Thomas’s hofpital, under the care of Mr. Chandler, 
totally blind. After the ufual remedies had been unfuc- 
cefsfully tried, fhe was fent to the elc&rical chamber, 
where Mr. Whitclocke, now furgeon at Ramlbury, had 
the care of the machine, under the dire&ion of Mr. Birch. 
The fhocks were pafled through the globe of the right eye, 
and the fight of that eye was recovered in one week’s ex- 
periment. The woman was defirous of leaving the hofpital, 
content with the recovery of the fight of one eye, and fear- 
ful of the pain {he c::pc.ienccd from the (hock; but a 
report of the cafe being made to the furgeons, Mr. Birch 
directed the elc&ric fluid from a wooden point’only, to be 
poured into the other eye, which perfedUy reftored the 
fight of it, though not in fo fhort % time. At l:he end of 

the 
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Among the lefTer maladies of the eyes, the 
mod common is a redundance of water, or of a 
watery humour, which diflurbs and impairs the 
light. When the eye is full of water, letters 
appear confufed, and no fmall objedl is feen dif- 
tindlly. In this cafe it is ufual to have rccourle 
to fpedlacles % but the author of an excellent little 
tradl on the fabric of the eyes, fays, that in this 
diforder it is the glafs, not the form, that is 
necelfary j and that when it is the extreme moif- 
ture of the ball of the eye alone, which makes 
objedl s appear confufed, they will be rendered 
diftindl, by placing a piece of thick clear glals 
between the eye and the objedl: he, therefore, 
advifes the ufe of a pair of fpedlacles, of plain 
thick coach- window glafs, without any con- 
vexity ; the ufe of thefe will forw ard the cure, 

which 

the month (he was dircharged from the hofpital, perfe&iy 
cured, able to read, work, and tell the time by a watch* 

Several fimilar cafes have iince happened, with which, 
perhaps, the public may, in time, be made acquainted; 
though mod of them are cafes of the gutta ferena, the 
cataract not having been found to yield to ele&ricity. Sec 
a remarkable cafe of the gut fa ferena, accompanied with a 
paralyfis of the eye-lids, which was perfeftly cured by an 
clcttric application in three days, annexed to Mr. Ware’* 
Remarks on the oplithalrny, pforophthalmy, and purulent 
cye f page 151, fecond edition, printed for Dilly, 1787* 
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which will (bon be efFcftcd by an application of 
the proper remedies, care being taken at the 
fame time to avoid extremes of light. 

Of Squinting . 

I hefitated long, whether I fhoald fay any 
thing concerning this aif'c&ion of the eyes, but 
was at la it determined, by conlidering, that thi$ 
eflay might pafs into many hands, who would 
probably never lee thofe philofophical and me- 
dical treatifes, in which this fubject has been 
particularly handled ; and that 1 might, there- 
fore, be a mean of communicating ufeful know- 
ledge to thofe whom it would otherwife never 
reach. 

It mull, however, be confefled, that after all 
that has been written upon this fubjeifl, we are 
advanced but a very little way; thole who have 
had (kill to make proper obfervations, have 
wanted opportunity, and thofe who have had 
opportunity, have been deficient either in lkill or 
attention. 

Before we advert to the unpleafing* difpofition 
of the eyes, termed /quint ing t it will be proper 
to confider that curious phenomenon of vifion, 

by 



140 


Essay on Vision, 


by which we are enabled to fee objedts Angle 
with two eyes ; for two pictures of the objedt are 
formed, one on each retina, each pidture exhibits 
the objedt to us in a certain direction, yet we 
in general perceive only one objedt. Whenever 
we look attentively ?.t any object, the axes of 
both eyes are directed towards it, and we are lb 
accultomcd to turn both eyes towards the fame 
place, that if one eye be Ihut, it’s motion will 
follow that of the other. This concurring mo- 
tion has been one of the reafons afligned, why an 
objedt feen with both eyes appears (ingle ; but 
this, like molt other folutions of this phenome- 
non, is very unfatisfadtory, for the eye fees not 
the concurrence of chcfe imaginary axes: what- 
ever be the caufe, we are allured of the fadt, that 
when both eyes look at the fame object, the 
mind fees that objedt (ingle. 

Dr. Reid, who has conlidcred this fubjedt* 
with much attention, refolves the whole into a 
law of nature, laying it down as a general fadt, 
or phenomenon of vifion, that in perfect human 
eyes, the centers of the two retinae correfpond 
and harmonize with one another, and that every 
pther point in one retina, correlponds with that 

point 


• Reid’s Inquiry into the Human Mind. p. 283, 
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point which is fimilarly (ituatcd in the other. 
When the pictures fall, therefore, on corre/pond- 
ing points of the two retinae, one objedt only 
will be feen, though there fhould be really two j 
and the pidlures falling upon the points of the 
retinae that do not correfpond, will occalion two 
vilible appearances, although there be but one 
object. Pictures upon correfponding points 
of each retina, raife in the mind a fenfation of 
the fame appearance, as if they had fallen upon 
the fame point of one; while pidlures falling upon 
points of the two retinae, which do not corref- 
pond, give the mind the idea of two diftind; 
objects. 

If we diftort unnaturally our eyes from their 
parallel direction, or if, while we diredt the axes 
of the two eyes to one point, and at the fame 
time exert our attention, which is alfo unnatural,' 
on another objedt, either much nearer, or much 
further, in thefc cafes we fee one objedt double, 
or two confounded in one. 

The laws of vifion, in the human conftitution, 
are wifely adapted to the natural ufc of the eyes, 
but not to that which is unnatural; *when w r e 
are obedient to the laws of order, as manifelted 
in nature, we fee objects properly, but have falfe 
v appearances 
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appearances prefented to us, when we ufe them 
in an unnatural manner. No part of the human 
conftitution is more to be admired, than 'that 
whereby we acquire habits which are found to 
be ufeful, without any defign or intention. 

Squinting is attributed to a variety of caufes ; 
in many inftances, it is undoubtedly owing to a 
prevailing principle of human adtion, habit in- 
duced by imitation: at other times to habit, 
brought on from the peculiar circumftance in 
which the eye happens to be placed. 

A new born infant is incapable of fixing his 
eyes on any objeft, he moves one without moving 
the other,* or moving it in a contrary diredtion, 
rolling them about, being unable to diferiminate 
one object from another; but as the body grows 
(Wronger, the eye becomes fortified and capable 
of obeying the adtion, and receives the impref- 
fions of the mind, which now diredts the optical 
axes towards the fame point, which diredtion 
becomes afterwards fo natural, that in procefs of 
time it can fcarce be altered even by the efforts 
of the will. 

But 

• This is denied by Reid, on the authority of his own 
obfervation on his own children, and from the information 
of others. 
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But while the powers of the body are weak, 
if the infant be fo placed in it’s bed, or cradle, 
as to view the light or any agreeable objedfc, from 
one fide only, it will probably learn to fquint; 
for though at firft he may difeern the objedt with 
both eyes, yet as this requires fome exertion, 
and that perhaps father painful, he foon relaxes 
of his labour, and turns only that eye which 
is near the objedt, from which, if often pradlifed, 
he forms the habit of moving his eyes dif- 
ferently! the fame aptnefs to turn the eyes in 
contrary diredtions may be brought on, by often 
prefenting to them, at the fame inftant, a variety 
of objedls. 

A cold in the head, a lownefs of Ipirks, or a 
continued exertion or poring of the eyes, will 
often occalion thofe to fquint, that are not ac- 
cuftomcd to do it at other times. This is pro- 
bably occafioned by a forenefs or tendernefs of 
the retina, which makes the imprefiions of light 
fo oifenfive, that the eyes arc forced into an un- 
natural diredtion; that by feeing obfcurely, pain 
may be avoided : or it may be an affedtion of 
the mufcles of the eye. This diftemper may be 
cured, by ufing flat green glafles, or any other 
contrivance that will leflen the light. This 
forenefs may alfo be a fixed diftemper in one eye ; 

the 
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the perfon will then turn it on one fide, not that 
he may fee better, but to avoid feeing with it at 


all. 


This defeat may be produced by a fpafm in the 
tnufcles that move the eye, or by fome of them 
being either too fhort or too long, too rigid or 
too lax. If, by any of thefe means, the natural 
equilibrium bedeftroyed, the eye will be turned 
too much one way ; among thefe caufes, fome 
are beyond, and others within, the reach of 
medicine: of the various tonics that may be ap- 
plied, electricity will probably be found the mod 
powerful, and mod efficacious. 

An oblique pofition of the cryftalline, or the 
cornea, will occafion fquinting; in either of 
thefe cafes, no affiftance can be derived from art. 
.The objedt to which the eye is directed is not 
dfiftinCtly feen, becaufe it’s image docs not fall 
upon thofe parts of the retina that are beft fuited 
to anfwer the purpofes of vifion. 

One part of the retina is generally fuppofed to 
be more fenfible than another, and that we turn 
our eyes| fo that this part may receive the im- 
preffions of the light ; but if this part be awry 
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in one or both eyes, the perfon will neceflarily 
fquint. 

Dr. Jurin, Mr. BufFon, and Dr. Reid have 
fhewn, that the greateft number of thole that 
Iquirit have very indiftindt vilion with one eye* 
Indeed, M. Buffon aflerts, that the true and ge- 
neral caule of this difeafe is an inequality in the 
limits of diftindt vifion in the two eyes ; when 
one eye is more feeble than the other, we do not 
direct it towards the objedt, but make ufe of that 
which is ftronger. Dr. Jurin obferves, that thofe 
who (quint, and lee w ith both eyes, never at the 
fame inftant fee the fame objedt with both eyes j 
for when one eye is turned diredtly towards an 
object, the other is drawn fo clofe to the pole, 
that to it the objedt is inviliblc. In (bmc fquint- 
ing eyes he obferved the diverging eye to be 
drawn under the upper eyelid, while the other 
w r as directed to the objedt. 

Dr. Reid recommends eleven fubjedls of in- 
quiry to thofe who may meet wdth cafes of this 
diforder, as necelfary not only for giving us a 
true inlight into this fubjedt, but alfo for laying 
the foundation of a rational mode of cure ; jhefo 
I lhall therefore fubjoin.* 

L. 

* Reid on the ^iuman Mind. 


i. We 
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1. We ought to inquire whether the fquinting 
perfon fees equally well with both eyes? and if 
there be a defeat in one, the nature and degree of 
that defeat Ihould be inveftigated. The obferver 
mud not, in this cafe, rely upon thetedtmony of 
the patient; but mud make fuch experiments as 
will be proper for drawing a juft concludon. In 
all the fucceeding heads of inquiry, the patient is 
fuppofed- to fee fo well at lead with both eyes, as 
to be able to read with either, when the other is 
covered. 

a. When one eye is covered, we mud fee 
whether the other is turned diredlly towards the 
object. If the fquinting eye turns afide from the 
obje<ft when the other is covered, it would prove 
that in that indance De la Hire's famous hypo, 
thefts was true. In all the cafes, however, that 
have been tried by MelT. Jurin, Porterfield, and 
Reid, the contrary has taken place, and the axis 
of the fquinting eye was turned duecdly towards 
the obje<d, when the other was covered. 

3. We ought to fee whether the axes of the 
two eyes follow each other, fo as to have always 
the fame inclination, or form the fame angle, 
when the perfon looks to the right or to the left, 
upward or downward, or drait forward; this 

will 
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will determine whether a fquint be owing to any 
affedtion of the mufcles. In the following heads 
of inquiry; the inclination of the axes of the eyes 
is fuppofed to be always the fame. 

4. Whether the patient fees an objedl tingle or 
double. 

There is, probably, always a greater oriels di& 
tortion of the eyes where there is double vifion; 
yet it is certain that there is not always double 
vifion where there is a fquint; there are, perhaps, 
no inftances where double vifion has lafied any 
length of time. In the following inquiry vve 
fhall take it for granted, that the fquinting perlbri 
fees objects fingle. 

5. Our next inquiry fhould be, whether the 
objedt is feen with both eyes at the fame time, 
or only with that eye whofe axis is diredted to- 
wards it. 

Moft writers before Dr. Jurin, took it for 
granted, that thofe who fquint fee objedts tingle 
.with both eyes at the fame time: it is an opinion 
unfupported by facts, and the truth of it denied 
by Jurin. It is very eafy, in any particular in- 
ftance, to decide the queftion. While the perfon 

L 2* that 
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that fquints looks fteadily at any object, let the 
obferver carefully remark the direction of both 
eyes, and oblerve their motions ; and let aix 
opake body be placed between the objed and 
each eye fucceflively. If the patient, notwith— 
Handing this interpofition, and without changing 
the direction of his eyes, continues to fee the 
objetfl all the time, we may fairly conclude that 
he fawit with both eyes at once. But if the in- 
terposition of the opake body between one eye 
and the object makes it difappear, then we may 
be as fure that it is feen by that eye only. 

In the two next articles we fuppofe the firft 
to happen, according to the generally received 
hypothecs. 

6. On this fuppofition, it ought to be inquired 
whether the patient fees an object double in thofe 
cafes, where it appears double alfo to thofe who 
do not fquint. 

For this purpofe, let him place a candle at the 
diftance of ten feet, and holding his finger at 
arm’s length between him and the candle, let him 
obferve when he looks at the candle, whe- 
ther he fees his finger with both eyes, and whe- 
ther he fees it finale or double: and when he 

1/ 

looks at his finger* let him oblerve whether he 

fees 
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fees the candle with both eyes, and whether it 
appears fingle or double. 

If the patient is found to fee objecfls Iingle with 
two eyes, not only in the cafes w herein they ap- 
pear fingle, but alfo where they appear double 
to other men, w r e may conclude, that his (ingle 
vifion does not arife from correfpondeni points 
in the retinae of his eyes, and that the laws of vi- 
fion are different in him, from what they are in 
the reft of mankind. 

If, on the other hand, he fees objects double 
in thole cafes wherein they appear double to 
others, we muft conclude that he has correfpond- 
ing points in the retinae of his eyes, but that they 
are fituated unnaturally. If the common hypo- 
thefts be true, that one who fquints fees an obje< 5 l 
with both eyes at the fame time, and yet fees it 
fingle, the fquint w ill probably be of the kind 
deferibed in this article ; and we may conclude, 
that if a perfon, affe<5ied with fuch a fquint as we 
have here fuppofed, could be brought to the 
habit of looking ftrair, it would be highly pre- 
judicial to the fight: for he would then fee every 
thing double which he faw w'ith both eyes at the 
fame time, and objects diftant from each other 
would be confounded together ; his eyes are made 

L 3 for 
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for fquinting, and the cure would be worfe than 
the difeafe, as it is far better to (quint, than to 
purchafe the cure, by the lofs of perfe<d and dif- 
tin& vilion. 

8 . We may after thefe trials return to the 
hypothelis of Dr. Jurin, and fuppofe, that the 
patient when he faw obje&s (ingle, notwith- 
ffanding his fquint, was found, upon trial, to 
have fecn them only with one eye. 

The patient mud now be advifed by repeated 
efforts to leffen his fquint, and to bring the axes 
of his eyes nearer to a parallel dire<5lion; we 
have a power of making fmall variations in the 
inclination of the optic axes, and this power 
may be greatly incrcafed by exercife, by per- 
feverance, and patience. If the practice is begun 
while the patient is young, he will probably (oon 
learn to direct both his eyes to one obj e<5l. 
When this power is acquired, it will be ealy to 
determine, whether the center of the retinae, 
and points (imilarly lituated with refpe<5t to 
thefe centers, corrcfpond as in other men, 

9 . Let us now fuppofe this to be the cafe, 
and that he fees an object (ingle with both eyes* 
when the axes of both tre dire&ed to it, 

lit 
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It will then .be his bufinefs to acquire the 
habit of looking ftrait, as he will thereby not 
only remove a difagreeable deformity, but con- 
fiderably improve his fight. 

10. As the cafe mentioned in the ninth article 
is not merely hypothetical, but founded on ab- 
folute fadt, it will be nccclfary further to inquire, 
how it happens that fuch a perfon fees ah objedt 
at which he is looking only with one eye, when 
both are open ? 

To elucidate this queftion, we muft again go 
to experiment, and obferve, firft. Whether our 
patient, when he looks at an objedt, does not 
draw the diverging eye fo clofe to the nofe.that 
it can have no diftinct images ? or fccondly. 
Whether the pupd of the diverging eye is not 
covered wholly, or in part, by the upper eyelid? 
thirdly. Whether the diverging eye is not (b 
directed, that the picture of the objedt falls upon 
that part of the retina, where the optic nerve 
enters, and where there is no vifion ? This is 
probably the cafe in a fquint, where the axes of 
the eyes converge fo, as to meet about fix inches 
before the nofe. 

1 1 . In the laft place j/vc (hould inquire, whe- 

L 4 ther 
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thcr the pcrfon has any diftind vifion at all 
with the diverging eye, at the time he is looking 
at an objed with the other; for though the 
perfon may be able to read with the diverging 
eye, when the ocher is covered, yer when both 
are open it may have no diftind viiion. 

The foregoing inquiries are much eafier in 
theory than practice, and for infuring fuccefs, 
fome qualifications of mind are necefTary in the 
patient, which are not always to be met with; 
but a due attention to them, where there is 
opportunity, will foon furnifh us with more im- 
portant fads than we are at prefent acquainted 
with; by thefe fads vain theory will be exploded, 
and our knowledge of the laws of nature, with 
regard to the noblcft of our fenfes, enlarged. 

Of the Method of Cure , 

We fuppofe the preceding inquiries to have 
been made, previous to any attempts towards a 
cure; if, in confequence of thefe, we find that 
the cure will not be prejudicial to the patient’s 
fight, we may proceed to try any of the follow- 
ing ilieihods; the firft is that propofed by Dr. 
Jurin. “ When the patient is of an age capable 
of attending to the following diredions* place 

him 
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him diredtly before you, and let him clofe the 
undiftortcd eye, and look at you with the other; 
when you find the axis of this eye fixed diredtly 
upon you, bid him endeavour to keep it in that 
fituation, and open his other e/e ; you will now 
perceive the difiorted eye turn away from you 
towards the nofe, and the axis of the other eye 
will be pointed towards you. By patience and 
repeated trials, he will be able to keep his dis- 
torted eye fixed upon you, at leaft for a little 
time after the other is opened, and when you 
have brought him to keep the axes of both 
eyes fixed upon you, while you ftand diredtly 
before him, it will be time to change his pofture, 
and to place him a little on one fide of you, 
and then on the other, continuing the fame prac- 
tice ; when he can in all fituations perfectly and 
readily turn the axes of both eyes towards you, 
the cure is effected ; this will be forwarded by 
his frequently pradtifing before a mirror, and by 
having a friend always at hand, to obferve and 
admoniih him when he fquints. 

MefTrs. Buffon, Reid, and Darwin, concur in 
recommending the patient to cover the good 
eye, as the mo ft effectual and natural method of 
cure, as by frequent ufe, the fight of the weak eye 
is ftrengthened, and Requires a habit of turning 

to 
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to the objects which the patient wifhes to fee; 
and the better eye by lofing fomcthing in this 
refpe<51 facilitates greatly the cure; the inequa- 
lities in the eyes fhould, however, be firft well 
afeerrained, becaufe this method will not fucceed 
if there is too great a difference. M. Bufffon 
lays, that if the eye that fquints be turned to- 
wards the temples, there is fcldom any great in- 
cqualit) between them, and that in this cafe, 
the diforder arifing only from a vicious habit, he 
has known the cure t6 be completed, by covering 
the good eye'for a fortnight only: it is neceffary 
to cover the good eye for fome time, in order to 
exercifeand ftrengthen the bad eye, that a proper 
judgment may be formed of the poflibility of 
the cure. 

In the 68th vol. of the Philofophical Trans- 
actions, Dr. Darwin has given an account, of 
which the following is an extract, of a very 
curious and confirmed cafe of fquinting, and of 
the method he ufed for curing it. 

The patient was a boy five years old, who 
viewed every obje<5fc that was prefented to him 
with but one eye at a time. 


If the obje<5t was prefented on the right fide, 

he 
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he viewed it .with his left eye; ifitwaspre- 
fented on the left, he viewed it with the right 
eye. 

He turned the pupil of that eye which was 
on the fame fide with the object, in fuch a direc- 
tion, that the image of the object might fail 
upon that part of the bottom of the eye, where 
the optic nerve enters it. 

When an objedt was held diredlly before him,' 
he turned his head a little on one fide, and ob- 
ferved it but with one eye, namdly, that molt 
diilanr from the object, and when he became 
tired of obferving it with that eye, he turned his 
head the contrary way, and obferved it with 
equal facility with the other eye, but never 
turned the axes of both eyes towards it at the 
fame time. 

He faw letters which were written on bits 
of paper, fo as to name them with equal eafe, 
and at equal diftances, with one eye as the 
other. 

There was no perceptible difference in the 
diameter of the pupils, or their degree of con- 

tradtability. 
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traceability, after having covered .his eyes from 
the light. 

The foregoing oblervations were carefully 
made, by writing (ingle letters on (hreds of 
paper, and laying wagers with the child, that 
he could not read them w hen they were pre- 
fented at certain didances, and in certain direc- 
tions. 

As from thefe cirfumftances it appeared that 
there was no defetfl in either eye, and that the 
difeafe was (imply a depraved habit, there was 
great room for hopes of fuccefs in the cure. 

For 'this purpofe a proper gnomon was made 
and fixed to a cap, and when this artificial nofc 
was placed over the real one, fo as to project 
between his eyes, the child rather than turn his 
head to look at oblique objects, began to view 
them with that eye which was next to them j the 
father of the child dying, the cure was neglect- 
ed for fix years, and though ihe habit was lo 
confirmed as to leave little room for a cure, the 
lame phyfician being called, he again attempted 
to remove the deformity by a fimiiar con- 
trivance. 




A gnau- 
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A gnomon of thin brafs was made to (land 
over his nofe, with a half circle of the fame 
metal logo round his temples; they were covered 
w ith black (ilk, and fixed by means of a buckle 
behind his head, and a crofs piece over the 
crown of the head; this gnomon was worn with- 
out inconvenience, and projected before the noie 
about two inches and a half, by the ufe of this 
he foon found it lefs inconvenient, to view all 
oblique objects w'ith the eye next them > inftead 
of the eye oppofite to therrv 

After this habit was w eakened by a week’s ufe 
of the gnomon, two bits of wood, about the 
fize of a goofe qujll, were blacked, all but a 
quarter of an inch at their fummit. Thefe were 
frequently prefented to him to look at, one being 
held on one fide of the extremity of his black 
gnomon, and the other on the other fide of it. 
Ashe viewed thefe, they were gradually brought 
forward beyond the gnomon, and then one w T as 
concealed behind the ocher; by thefe means, in 
another week he could bend both his eyes on 
the fame object, for half a minute together, and 
b > continuing the ufe of the fame apparatus, he 
was in a fair way of recovery, when thfc paper 
was written for the tranfaChon. 
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f6i 


Small pocket microfcopes, from 6s. to 

Solar microfcopes 1 — ■ 

Ditto 


— 3 *3 

5 

6 

Solar microfcopes for opake and tranfparcntobje&s, 

from tl. 16s. to ■ — *i 

A microfcope and lanthorn to imitate '•the Tolar 
microfcope 

Curious colle£tion 9 of obje&s for the microfcope 9 
either opake or Irani parent 
Collections of falts, properly prepared # for the 
microfcope 

Magnifying glades for botanical, anatomical, and 

other purpoles, from zs. to l 

Small magic ianthorns, with twelve fmaii glafs 
Aiders, from ios. 6d. to * ■ — i 

Small magic Ianthorns, with the Aiders better 
painted 

Large ditto, from il. gs. to * i 

Optical machines for viewing perfpe&'ve prints, 

from 18s. to l 

Scioptric balls — —— — O 

Small camera obfeuras, from ios. 6d. to 3 

JSook and pyramidical camera obfeuras, from 

3I. 3s. to 7 7 

An artificial eye for illuflrating the principles of 
vifion 

Prifms, mounted in various manners 

Concave and convex mirrors, from 7s, 6d« to 18 x8 
Cylindrical ditto, from il. is. to — 13 13 


it 


11 

16 

to 

3 


Geographical and Aftronomical Inftruments. 


tRICES OF CLOSES, 

•8 inches diameter, mounted in mahogany frames 5a jo o 
*8 ditto frames carved and ornamented • 

a 8 ditto mounted in the common manner 6 6 o 

a 8 ditto mounted in the common manner 

in mahogany frames 3 8 o 

98 ' ditto mounted in tile beft manner, in 

ftained frames ■■ ■ — , — io jp o 

ditto mounted in the beft manner, in 
jnahogany frame* '-'—in. in. as is o 

|ft *8 inches 
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£. 

18 inches diameter mounted in the be ft manner, in 

carved frames — t 16 

16 ditto mounted in the common manner 6 

12 ditto mounted in the common manner 3 

12 ditto mounted in the common manner, 

in mahogany frames - - ■ 4 

12 ditto mounted in the belt manner, in 

ftained frames — — 

12 ditto mounted in the beft manner, in 

' mahogany framer 

g ditto mounted in the common manner 

9 dittcf mounted in the beft manner 

6 ditto mourned in the beft manner 

g ditto mounted in the beft manner 


16 

6 


4 * 


5 *5 


7 

2 

4 

3 
1 
o 

40 


7 

2 

4 

3 

2 1 

10 

o 

10 

10 


10 

10 

2 


3 inches diameter, for the pocket 
An armillary dialling fphere — 

An armillary Jfphere, (hewing at one view the real 
and apparent motion of the heavens 31 

An armillary Iphere, with a planetarium within it 31 
Plain armillary fpheres 

A manual planetarium and tellurian — 3 13 

Anew inftrument for illuftrating the phasnomena 

of tfee 1'eafons 

A ditto for illuftrating the phafe^ of the moon, and 

the caufes of ecliples 

A manual planetarium 

(The three laft-mentioned inftrumertts are thofe 
represented in plates V. XV. and XVI. of 
my Aftronomical Fffays) 

*A planetarium with wheel- work, by which the 
order and motion of the planets, their iituation 
with rrfpeCl to the earth at different times, and 
the realon of their appealing to be fometimes 
ftationary, and to move at other times in contrary 
direflions, are rendered obvious to the eye 7 17 

A tellurian and lunaj ium for illuftrating the phe- 
nomena of the earth apd moon, and forming a 
propel companion for the former 
(The* tellurian and lunarium may be combined 
together or Jeparate) 

A corre£l and elegant planetarium, lunarium, and 
tellurian, (fee plate XIX. of my Aftronomical 
Effays) — — ^ i, — - ■ ■' ' 18 

Ditto with the diurnal motion to the earih 24 

The mo ft complete planetarium, tellurian, and 
lunariiup* plates Xvll* and XVIII. 36 


18 


*5 «► 
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Orreries, from 18I. 185 **o — ? — 1000 o a 

A fmall qu >drant, with an horizontal and vertical 
motion, lor # thc inftru&ion and amufement of 

young people " o 16 o 

A ditto framed in brafs, more accurately made and 

graduated — — — a 12 £ 

A fmall equatorial, being at once an accu*%te uni* 
verfal dial, and *a portable obfervatory ; with it 
a great number of curious and interefting pro- 
blems may be folved, and any perfon foon ren- 
dered matter of the elements of praftic^ agro- 
nomy 8 - 8 % # 

Ditto on a larger fcaie, with a telefcope, and more* 

adjuftments — 26 50 

Complete equatorial inflruments, from 5ogs. to goo O o 
Tranlit inflruments, agronomical quadrants, cir- 
cular inflruments, according to their fizes, the 
variety and accuracy of their adjuftments. 


Mathematical Inflruments, For feeometry. 

Drawing, See • 

Plain compafles for meafuring linesi from is. to o 5 O 
Drawing compares with moveable points, from 

5s. 6d. to 3 3 

Drawing pens, from is. to . O 5 

JBow compalTcs for deferibing fmall circles, from 

3s. to — — - - O 5 

Hair compafles for talking extents with accuracy o 7 
Beam compafles for deferibing large circles, laying 
down divifions, &c. 

Triangular compafles for transferring three points 

at once from any plan or drawing, from tos. to a 1 f 
Proportionable compafles for diminifhing plans, or 

drawing in any afligned proportions 1 as 6 

Elliptical compafles with fri&ion rollers, for 

drawing ellipfes ... 4 4 q 

Elliptical compafles on a different conftru&ion, a 
anfwering at the fame time the purpofes of beam 
and calliper compafles — . - . w .. 4 4 0 

Spiral compalfes for deferibing fpirals, anfwering 
alfo as beam and elliptical compafles, from 6i, 6s* 

to - *1 a a O 

Parallel rules pf various cpnftru&ion» 

Mi Anevf- 
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A new-invented parallel rule, which for facility in 
application, and accuracy, exceeds any other 
kind, from 8s. 6d. to — ..■■■■■■■ t 

Ditto with a protractor 

An inftrument for drawing lines inclined in a given 
angle to each other, though the angular point is 
at an imincrile di fiance, a rule exceedingly ufe- 
ful in perfpetkive 

Various inftruments for the purpofe of dividing 
lines, or transferring diviiions on paper 
A cyclograph, o an inftrument by which circles 
may be deferibed, from 4 or 6 inches radius to 
one as large as the orbit of the Georgium Sidus 6 
Plain feales and fe&ors of different fizes 
Square protra&ors, femicircular and circular 
Pocket cafes of drawing inftruments, from 7s. 6d. to 5 
Magazine, or complete collection of drawing in- 
ftruments, at 11U 11s. at 17I. 17s. and from 

thence to ■ 50 

Perfpeftive c^mpaffes for afeertaining the relative 
proportion of obje£ls ■ ■■ O 

A new invented inftrument for taking views, 8 cc . 
which will facilitate the operations of the artift, 

and greatly aflift beginners 3 

A ditto for drawing on an horizontal plane 5 

Pantographers for copying, reducing, and enlarg- * 
ing drawings* from 2U 12s. 6d. to •— 6 


Sm 


l 5 * 


3 • 

5 o 


Surveying Inftruments, 


Cafes of drawing inftruments.-— Parallel rules. ~ 

Plotting feales. — Sets of plotting feales. — A 
new-invented parallel rule, with plotting feales* 

—A parallel rule and protraftor 
A plotting fcale, in form of a beam compafs 
Protrafcbors for laying down angles 

Ditto with a nonius and moveable limb — 9 19 4 

Ditto rendered more accurate, as the limb is made 

to move with a tooth and pinion ■ — ■ 4 14 6 

Meafuring wheels — V — ■ ■’ 6 16 $ 

Pedometers for meafuring a given diftancc in walking 
Meafuring chains of 50 and 100 feet 

^Juntcr> 
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£m S. dm 

ttunter’s chain — • ~ 076 

Tape boxes, according to the length 

Surveying crofs or fquare — — t 11 $ 

Plain tables, with an index and fights; by thefe 
the plan is taken on the fpot, and docs not require 
a future protraflion — — 3 13 ^ 

Xeighton's improved plain table, with an index of a 
peculiar make ; in this inftrument the line of fight 
is always over the center of the table, the ftation 
lines are alfo drawn parallel to thoi'e meafured 

on the ground — • 14 14 # # 

Theodolets, or inftruments for meafuring angles, 
diftances, &c. are made in various ways, feme* 
being more fimple and portable, others more ac- 
curate, and with a greater number of adjuftments 
Theodolets, with four plain fights, and a com- 

pafs box, from 5I. ,5s. to 1 — — 5 15 6 

A fmall thcodolet, with telefcopic fights and ver- 
tical arch — — — 990 

An improved fmall theodolet with rack motitffis 
A larger ditto, in which the limb of the theodolet 
is made to ferve occafionally the purpofe of a 

protraflor 14 14 m 

A ditto of the fame fize, on a different conftruc- • 
tion, the vertical arch being fixed to a long 
axis; the limb does not ferve for a protrattor 14 14. o 

A larger ditto. Iff e the preceding, only moving 

with rack-work ■ — — ■■ ■ -- 21 o O 

The lateft improved theodolet, witli double telef- 
cope, and every requifite adjuftment 
Circumferenters, the principal inftrument ufed in 

America, from si. ss. to ■-■■■■- 4 14 ( 

An improved circumferenter, fo contrived, that the 
operator need not reft the truth of his work en- 
tirely on the needle ; it may be alfo ufed to take 
altitudes 

Air or fpirit levels with telefcopic fights, from 

4l.14s.6d. to ■ — ■'■■■- - 12 12 o 

Air or fpirit levels with plain fights ■ 1 11 6 

Station (laves with Hiding vanes for levelling 1 m x 6 o 

A fmall (urveying compafs, with fights, a nonius 

divifion, and three-legged ftaff — 4 14 6 

A fmall furveying cbm pafs and fingle (lick 3 20 

(The two foregoing inftrume&ts are portable and 
light, and may ba put with eafe in the pocket) 

M $ 
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Miners compares, ufed for carrying, on works 
under-ground, from 10s. 6d. to — — — 

Ditto with a frnall telefcope fixed to one fide 
Green's telefcopcand tangent board, for meafuring 
di (lances at one ftation : (it is obvious, that on 
the meafuringof a ftrait line with accuracy, the 
whole bufinefs'of furveying depends; Mr. 
Green's method is certainly more expeditious 
than any other, and is not liable to objections 
which may be made to them) 

-Optical fquare, a fmall inftrument for furveying by 
right angles ; it requires no ftafiF, and may be 
eafily cefcrefted or adjufted — 

An optical inftrument for determining with accu- 
racy when o^jeCts are in a ftrail line — - 


s. I, 


Inftruments for Ele6lricky. 

A fmall eleCtrical machine, with a feleft apparatus 8 8 

An eleCtrical machine and medical apparatus in a 
box; the machine is mounted in a plain but 
ftrosig manner, and fo as to aft with power; the 
apparatus is the mod convenient and fimple 
hitherto contrived for medico-eieftrical purpofes 6 16 

Ditto with an additional apparatus lately contrived 

for more eafiiy giving partial (hocks 7 17 

Improved elcftrica! machines, from 3I. 13s, 6d, to 40 o 
Eieftrical batteries, from ah 12s. 6d.to 
Eieftrical jars of different (izes 

Eieftrical jars with an eleftrometer affixed to them o 18 
Medical bottles, with a tube for qualifying the 

- (hock — — — O 7 

Ditto mounted with a difeharging rod, and an 
eleftrometer, on an improved plan, for giving 
the eleftric (hock — — — — 1 t 

Direftors with glafs handles for medical purpofes o 10 

« « m 1 • r 1 - - a « r 1 11 * * 


Jointed difehargers with glafs handles — o ao 

Plain dficharging rods — ° 3 

An univerfal difeharger and prefa — x it 

Kinneifly's eieftrical thermometer . ■ ... % t 

Quadrant eleftrometer -■ ■ — — o t o 

Cavallo's atmofpheric eleftrort-eter, from 15s. to 1 1 

Ditto with additions by De Sauffure — — % tt 

Bonnet 
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ftennct’s gold leaf electrometer - 

An apparatus for* making Canton's and Wilfon's 
experiments on cleCtric attraction, &c. 
Compound apparatus, fig. 49, plate III, of my 
J£ flays on Electricity; by this apparatus a great 
number of neat and fatisfaCiory experiments 
may be performed ■ 

Ditto without the exhauffced flalk and conductor 

Leyden vacuum — ■ — 

Luminous conductors 

Si >iral tubes, from 4s. 6d. to - 

Coloured ipiral$ « ■ — 

Sets of fpirals, fee plate V. fig. 98, of my Efiayt 
on EleCtricity ■■■ — ~ * 

Luminous words, from 10s. 6d. to ■ > ^ 

Spotted bottle — ■■■ - 

Belted bottle, plate III. fig. 46 

Double bottle, a pleating and ufcful part of an 
electrical apparatus, to gain a clear idea of the 

Frankiinian theory 

Plates and Hand for dancing images, pitflT images, 
and pith balls 
An artificial Ipider 

Afmall head with hair — — 

An eleftrical piflol for inflammable air — , 

Ditto mounted in fets 

A fet of paper working models, to be put in motion 
by the clcCtric fluid — ■■ »— — 

An eleftrical cannon for gunpowder 

‘Thunder houfe ' ■ ■■■■■'- 

A thunder houfe with a drawer 
A powder houfe, fig. 89, plate V, — 

A pyramid, fig. 90, plate V. - 

Nicholfon's revolving doubler ■ — — 

A bone ball and a bail of box wood fitted on brafs 
wires 

EleCtric flyer and points 

A plain fet of bells, fig. 17, plate II. — ■■■ ■ 

Five bells mounted on a Hand, fig. 18, plate II. 

A fet of mufical bells, fig. 19, plate II. . 

Magic pifture —■ — ■ ■ * 

EleCtrical {tools, from 8s. 6d. to — 

An elcCtrophorus, from ios» 6d. to — • 
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Apparatus for Experiments on Mag-netifm. 


f§ ^ * 1 
An apparatus for explaining the principal pheno- 
mena of magnetifm, from 3I. 3s. to — 15 

Magnets * 

Small compound magnets 

Hoffefhoe magnets - . 

Compound ditto, from 15s. to ... — — at 

Dipping needles from 12I. 12s. to 31 

Variation compaffes, al* 12s. 6d. to — 21 


d. 
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o 
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Jnflruments for Experiments on Pneumatics. 


A fmall fingle-barrel air-pump — 2 

A fmall double-barrel ditto — ■ 4 

A larger ditto — 6 

A table air* pump — *o 

The American double barrelled air pump, the Iateft 
improvement on this inftrument, in which the 
air receives no impediment fiom the a£tion of 
valves or cocks, exceeding Smeaton’s in accu- 
racy and fimplicity, and far fuperior in both re- 
fretts to feveral later contrivances 
A condenfing engine ; this may be, if dcfired, com- 
bined with the former, but the rational and 
practical experimentalift will find many advan- 
ces in having them detached from one another 


Apparatus for an Air Pump. 

The madgeburg hemifpheres, from 1 as. to _ » tl € 

A flat plate and collar of leathers for placing on 

•pen receivers — — — — O 15 6 

Guinea 
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•uinea and featbor apparatus, for experiments on 
the lefiflance of the air, from 18s. to — 

A fetof trills for ditto ■ — 

A ditto on a better ronflruflion —— 

Bell apparatus, for (hewing that a vacuum does not 
communicate found —— ■ 1 - 

Ditto on a better con ftruflion * 

Ditto with w’hcel-work, by which the bell may be 
put in motion or (lopped at pleafure — 

A new apparatus for finking fl : nt and (lee! in vacuo 
An apparatus for firing gunpowder in vacuo 
A copper bottle, beam and (land, for weighing of air 
A box bladder and lead weights, to (hew the elaftic 

power of the air - — — 

Ditto on an improved plan ■■■-■■ ■■ ■ — 

A model of a pump, illuflrating at the fame time 
the nature of pumps, and proving that there is 
no fuch thing as fuflion — — - 

A fmal« receiver and plate, which clearly evinces 
that receivers are kept on the pump byJ^Teffure, 

not fuftion — - 

A filtering cup 

A plate and piece of wood - ■ ■ 

(The two lad articles are for (hewing the porofity 
of vegetables) 

The torricellian experiment 

Fountain in vacuo — ■■ — ■* " ■■■« 

Ditto on a different conftruftion — 

I 4 ungs glafs — r— 1 1 

Ditto on a different conllruftion 
A (ingle transferer plate and pipe for a fountain 
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Inllruments for Navigation. 


Cafes of inftruments, and ttflefcopes of different 
kinds, fizes, and prices * 

Night telefcopes, from ll. tis. 6d. to — « • • a 

Opera glafs for the fame purpofe ■ % it* fi 

A telefcope with an eye-glafs micrometer, for do* 
termimng the diftance of A foip at f<|» 

SUdlejplf 



* 7 * 


A CATALOGUE OP INSTRUMENTS. 


Inftruments for Experiments in Hydroflatics 
and Hydraulics. 


£. 

lO 


Hydroftptic ballances, from el. es. to — _ 

Nicholfon’s improved hydrometers, for afcertaining 
^the fpecific gravity of bodies 
Ditto for examining of coin 

A concife apparatus for experiments on hydroflatics 2 1 
An apparatus for fhewing lhat fluids have weight 
Ditto for fhewing that the particles of fluids exer- 
cife their preffure independently one of the 
mother t 

Ditto to fhew that fluids prefs in every direction 
Ditto to demonstrate the lateral preffure of fluids 
Ditto to fhew that- ceteris paribus . the preffure of 
fluids is as their perpendicular height 
The hydroftatic paradox 
The hydroflatic bellows 

Apparatus for illuflrating the laws of preffure and 
equilibrium between heterogeneous fluids 
Ditto for illuflrating the aft ions of fluids upon 
bodies immerfed in them 
An apparatus for experiments on fpouting fluids 
Hydrometersfor proving fpirits, from il. t is. 6d. to 4 
An apparatus for making experiments on capillary 
« tubes 

The model of the diving bell 
A glafs model of the lifting pump 
A ditto of the lifting and forcing pump 
Hiero’s fountain in copper japanned 
Ditto Rouble 
Fountain of command 

A japanned copper fountain to aft by condenfed 
air with a variety of jets 
Apparatus^for experiments on fyphons* 
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